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A-miliimicrosec silicon 
mesa computer diode 


High maximum average rectified forward current (75 ma) 
Low maximum capacitance (2 uuf or 4 uuf at zero volts bias) 
High minimum forward conductance (10 ma at 1 v) 

Maximum reliability (Tl mesa process, TI hard-glass case) 


Design NOW with industry’s fastest high-voltage computer diode 
Pets feebSticon) —eruedee and benefit from the speed of 4-millimicrosecond switching* and th 


| —HARD GLASS 


Reisen design safety provided by 75-v PIV. 
Pcie 


TI 1N914 and TI 1N916 silicon mesa computer diodes also featur 
LZ. Men DISSIPATION high rectification efficiency (45% at 100 mc), ruggedness and reli: 

bility through the combination of the TI mesa process and the T 
hard-glass package. Both types meet or exceed MIL-S-19500B, witl 
standing acceleration of 20,000 G’s, shock of 1,000 G’s for 1.5 mse 
and vibration of 30 G’s. 


Contact your nearest Put them to work NOW in your high-speed computer circuitry f 
San ee missiles and space vehicles. They are ready in production quantiti 
on the 1N914 and 1N916 through your nearest TI sales office, or in 1-999 quantities off-th 


(Bulletin DL-S 1203). 
shelf at factory prices from your authorized TI distributor. 


*10-ma forward, 6-v reverse, recover to 1-ma reverse 


GENERAL PURPOSE DIODES e PHOTO DIODES ro) 

e VOLTAGE REFERENCE DIODES e COMPUTER 

DIODES e VOLTAGE REGULATORS e RESISTORS t 
AND CAPACITORS e CONTROLLED RECTIFIERS ay a ; a > ash it 4 
e HIGH-CURRENT RECTIFIERS e SPECIAL POTTED INCORPORATED 


MODULES, NETWORKS, BRIDGES & COMPLETE 
CIRCUIT FUNCTIONS e ECONOMY RECTIFIERS ® SEMICONDUCTOR-COMPONENTS DIVISION 
e MEDIUM- & HIGH-VOLTAGE RECTIFIERS 13500 N. CENTRAL EXPRESSWAY 


A POST OFFICE BOX 312 .- DALLAS. TEXAS 
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Want to overcome the nagging problem of costly silicon 
scrap? 


[t’s easy. Just specify Merck Single Crystal Silicon. 


At one fell swoop you get rid of silicon rejects due to poor 
ize control. Merck Single Crystal Silicon is of uniform 
liameter all the way down. . . good to the last millimeter. 
You won’t get stuck with unusable butt-ends. 


3ut that’s not all. Float zone-refined Merck Single Crys- 
al Silicon is uncompensated. Resistivities stay uniform 
lay in, day out; month in, month out . . . whether you 


use p-type or n-type Merck Silicon. Your rejects due to 
unsatisfactory resistivities fall to zero. 


Merck has the Single Crystal Silicon to meet your needs. 
Write, wire or phone today for specifications. 


Visit our booth #4513 I.R.E. Convention 


Electronic*9 Chemicals Division 
J MERCK &CO. Inc. - ranway 
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RELIABLE SILICON TRANSISTOR SWITCHING — 


NON-SATURATED SWITCH WITH LONG-STORAGE-TIME TRANSISTOR 


Dj, Dp and D3 are fast recovery diodes 
Dq is a Zener diode 


SATURATED SWITCH WITH 2N1252 TRANSISTOR TRANSISTOR 


+Vec=12V 
1 
—| |} 1lysec 202 +12V 
|| 42V aay, 


+1 
= 


Collector current: 0.5 ampere —Vbp=10V 


Typical switching time: tg=20mus., tr=60mus., ts=30mus., t-=40mus. 


HOW? — By using Fairchild’s 2N1252 or 2N1253 lowstorage silicon mesa transistors. The guaranteed 
low storage characteristic permits a simple saturating circuit to achieve switching speeds that pre- 
viously required complex non-saturating circuits. 


WHY? —!mproved reliability and reduced cost — one semiconductor instead of five and fewer sol- 
dered connections. Power dissipation is only 1/3rd to 1/5th as great, making possible much higher 
component densities in packaging. Cost and reliability are improved all the way from development 
through volume production. 


WHERE? — Switching circuits in general. The 2N1252 and 2N1253 are ideally suited to high-speed 

high-current switching applications such as magnetic-core drivers, drum and tape write drivers, 
high-current pulse generators and clock amplifiers. In addition, the transistors are applicable to 
medium-speed saturated logic circuits. 


FAIRCHILD 2N1252 and 2N1253 
Characteristic Rating i Test Conditions 


D.C. pulse current 
gain 2N1252 15 35 45 Ic=150mA Vo=10V 
2N1253 30 45 90 
Total dissipation at 25°C 2 watts 
case temperature 
Base saturation voltage 0.9V 1,3V -150mA_ = Ip=15mA 
Collector saturation 0.6V 1.5V =150mA_ Ip=15mA 
voltage 


Small signal current gain J 
atf=20me 2N1252 ‘ 4 50mA Vo=10V 
2N1253 ; 5.5 
Collector cutoff current O.1nA 10ynA 20V T=25°C 
100A 600A 20V T=150°C 
Turn off time 75mus 150myus 150mA_ 1g,=15mA 


5mA Ri =402 
Pulse width=10ms 


For full specifications, write Dept. D-3 See us at Booth 4£2701-3-5-7 on the second floor at 1.R.E. 


SEMICONDUCTOR CORPORATION 


545 WHISMAN ROAD « MOUNTAIN VIEW, CALIFORNIA * YORKSHIRE 8-8161 * TWX: MOUNTAIN VIEW CAL 122 


New York Area: Pioneer 1-4770 ¢ Syracuse: GRanite 2-3391 ¢ Philadelphia Area: TUrner 6-6623 
Washington D.¢.: NAtional 8-7770 * Chicago: BRowning 9-5680 © Los Angeles: OLeander 5-6058 
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Assembly equipment 
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L.F. cable 
purging 


‘eliminate the expense and bother of inert gas or replaceable 
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| 
Wherever you need a ere of ecreniy dry ay you can | 
| 
| 


Super-dry 

alr... 

right from your 
plant air.. 


Super-dry air—automatically—at low 
cost—right from your plant air 
supply. The Heat-Les dryer has no 
electrical or steam heaters—no 
maintenance—no expense! Pro- 
duces completely dry air without 
raising temperature. Proved in 
hundreds of commercial and 
military installations. 


@ Dewpoints to —200°F 
@ No bothersome heaters for reactivation 
@ Low initial cost. Low operating cost. 


TRINITY EQUIPMENT ¢ 
4. 


ae type hee stil | achieve a lower eae 


DESICCANT 


DRYER 


Heat-Les Dryers 
Are 
Available 
For All 


Capacities 
And 
Pressures, 


@ AVAILABLE FOR USE ‘WITH PLANT AIR, OR IN A 
COMPLETE, READY-TO-OPERATE UNITIZED 
SYSTEM INCLUDING POMERES OR: ACCUMULA- 


TOR AND ALL CONTROLS.. 


TION, CORTLAND 


World leader in dry gas/air systems 


Heat-Les Dryers e Heat-reactivated Dryers 
Thermocouples and Thermowells 


CORPORAT 
ORPOR 
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SILICON 


is uniformity controlled” to 


provide better yields per pound. 


Start with the best raw materials ...and you are bound to 
wind up with the best product. When total purity and near 
absolute uniformity is such an important essential . . . nothing 
can be left to chance. 


At GRACE .. . nothing is left to chance... GR 
America’s important chemical organizatio: 
producer of Semi-conductor Silicon from th 
to the refined single crystal rods and slices. 


Only through such total integration can you be assured c 
the uniformity that will match Your Specifications time after 
time, lot after lot, crystal after crystal. At Grace, Perfection 
is Standard. 


Your inquiry for either test material or complete details is 
invited. Write or phone today. 


GRACE ELECTRONIC CHEMICALS, INC. 
101 North Charles Street, Baltimore, Md. 
Subsidiary of W.R. Grace & Co 
West Coast Representative: Chafin & Associates, 
Los Angeles and San Francisco 


SILICON ... ALL FORMS AND GRADES — 


Produced by Pechiney process, with boron as low as 0.1 part per 
billion. Uniform lots up to 95 pounds « Grace High Uniformity 
Bulk Silicon—Grades I, IJ and III; P Type and N Type—clean melts; 
no dross; gives high yields « Grace Ultra High Purity Polycrystal- 
line rods * Grace Float Zone and Czochralski monocrystals from 0.1 
to 1000 ohm-cm. Lifetimes up to 1000 micro seconds. Diameters up to 
14% inch e Grace Monocrystalline Slices. Inquiries invited for 
monocrystals and slices to your own specifications. 


Di 


Alloys Unlimited’s die library che: 


Your semiconductor yield is increasec 


An Alloys Unlimited die is filed away with your alloy number attached. Wit 


your own die, preform purity is assured and semiconductor rejects are lowere 


Pellets * Discs * Spheres * Dots « Rings * Washers + Special Shapes + Solder Preforms 


Ribbon + Sheet + Foil* Bar * Wire * Clad Metals 


form contamination. 


makes Alloys Unlimited’s preforms the finest 

ed? “There’s really no secret” says Hamburg 
hief Metallurgist. “It is merely patient atten- 

Bak ged yp 

detail.’ Such details as these: 

y rolling mill head is specially ground to a 

or smooth finish to prevent impurities from be- 

ng embedded. 

rate roll sets are used exclusively for alloys with 
n contaminating effects. 

ys that tend to oxidize in air are packaged in 
gases. 


6. 


. Finished preforms are checked repeatedly. The 


slightest dimensional deviation from specifications 
is reason for rejection. 


. Vapor degreasing and ultrasonic cleaning are used 


to clean the preforms. Anything less would not re- 
move surface contamination. 

To prevent distortion during shipment, preforms are 
packed with impurity-free shock absorbing material. 


If you want to take every precaution to make your 
semiconductors perform as designed, write for com- 
plete information. You'll be glad you did. 
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FURNACES 
ARE NOW THE 
STANDARD FOR THE SEMICONDUCTOR 


INDUSTRY THROUGHOUT THE WORLD! 


WHY 


TRANSHEAT® FURNACE 


The Workhorse which gives years of Trouble-Free, Accurate 
Operation for Alloying, Metal to Glass Sealing, Brazing, Solder- 


ing, and Annealing, under controlled atmospheres. 
Bly) ENGINEERING CORPORATION is the 


FIRST and ONLY Company to fulfill ALL the pro- 
duction furnace requirements of the SEMICONDUC- 
TOR INDUSTRY .. . Crystal Growing, Zone Refining, 
Gas Diffusion, Alloying of Transistors and Diodes, 
Bonding, and any other Special Process, whether 
under Vacuum or Controlled Atmospheres. BTU 
guarantees precisely controlled, trouble-free per- 
formance to meet your requirements. 


EXCLUSIVE FEATURES 


OPERATION e Extreme Flexibility and Fast Response to variations in loads. 

Repeatability of Performance Eliminating the Waste of Trial and Error. 

Provisions are Incorporated in Cooling Section to prevent recrystali- 

zation when Alloying, and stresses due to improper Annealing of 

Metal to Glass Seals. 

TEMPERATURE © On Standard Units can Maintain Control to within + 1°C. For Special 

Requirements, can be Controlled to + %2°C. 

Heating Rates can be provided up to 1000°C. per minute. 

ATMOSPHERE ~ Purity of Furnace Atmosphere maintained in parts per million with 

Minimum Consumption of Cover Gas. 

New Nitrogen Curtain and Baffle System prevents premature heating 

when entering or re-heating when leaving the muffle. 

SAFETY ¢ Complete explosion proof automatic H. Control System. 

GUARANTEE In addition to standard guarantees, BTU guarantees Heater Element 
Life of 10,000 hrs. under rated conditions. 


GAS DIFFUSION FURNACE 


Two and Three Zone Gas Diffusion Furnaces are available with 
Control to + 1°C. or +%°C., and with Thermal Flats up to 24” long. 
BTU will shortly offer Two new Crystal Growing Furnaces: One Horizontal for Germanium and the other Vertical for Silicon. 


TO INCREASE YOUR YIELDS AND RELIABILITY, CONSULT... 
ENGINEERING CORPORATION 


SEMICONDUCTOR PRODUCTS DEPT. 
BEAR HILL ROAD, WALTHAM 54, MASSACHUSETTS, U.S.A. Tel. TW 4-6050 


BTU IS THE WORLD'S LARGEST MANUFACTURER OF CONVEYORIZED MULTI-ZONE ALLOYING AND SOLDERING FURNACES FOR THE SEMICONDUCTOR INDUSTRY. 
WHEN IN BOSTON, YOU ARE INVITED TO VISIT OUR NEW PLANT ON ROUTE 128... “ELECTRONICS HIGHWAY”. 
Circle No. 10 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e MARCH 1960 


veitingly New! 


another achievement of General Instrument Corporation 


the industry’s most practical package 


reduced to 1/10 conventional size...and priced as low as 63¢! 


SIZE 


PACKAGE 


RELIABILITY 


VERSATILITY 


PRICE 


Here is the most convenient and reliable selenium bridge ever made. Check it over 
feature by feature and you'll see why... 

13/16” x 7/8” x 15/32” making it the smallest bridge available—1/5 to 1/10 the 
size of conventional devices. 

Flat, compact and incredibly sturdy, it has a twist-on lug for solid and simple 
mounting. 

The selenium celis have no artificial barrier layer thereby reducing aging and high 
voltage drop. 

Designed to operate off line voltage, the bridge is rated at 155V rms max., 90 ma 
D.C. Size, shape and dependability make it ideal for many commercial applications. 
Only 63¢ in production quantities, the bridge is practical for many types of equip- 
ment where half-wave circuits are now used. 


Further technical data is available upon request to Section 


Visit us at the IRE Show, Booths 1218-24 


RADIO RECEPTOR COMPANY, INC. : 


Subsidiary of General Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC 
MANUFACTURING DIVISION, SEMICONDUCTOR DIVISION; RADIO RECEPTOR COMPANY, INC,, 
THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELECTRONICS MANUFACTURING COR- 
PORATION AND GENERAL INSTRUMENT =— F.W. SICKLES OF CANADA, LTD. (SUBSIDIARIES) 
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Assay um ini 
Maximum Limits 
Fluosilicice Acid 


(HoSiFs) -°7 
Residue ¢ 


Chloride (Gh) \ 
Phosphate (PO4 
Sulfate (SO4) «° 
Sulfite (SO3) - 
Arsenic (As) ; a. 
Heavy Metals (a8 F 
iron ae 
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Check these stringent specifications 
Now added for the first time 


BAKER & ADAMSON® ANNOUNCES 


For years, Baker & Adamson’s “Elec- 
tronic Grade” Hydrofluoric Acid has 
been the purest available. Now, to 
serve electronic requirements even 
better, this high purity has been still 
further improved. 

Utilizing the most advanced pro- 
duction techniques and quality con- 
trol methods, B&A is now making its 
“Electronic Grade” HF Acid to meet 
stringent new specifications in which 
impurities are held to the lowest lev- 
els ever attained. In addition, maxi- 
mum limits for boron and lead have 
been established and are included for 


BAKER & ADAMSON® 


“Electronic Grade” Chemicals, 


the first time . . . enabling still fur- 
ther control of impurities. Result: 
B&A “Electronic Grade” Hydro- 
fluoric Acid offers greater reliability 
in critical etching operations ... 
helps reduce rejects and improves 
quality control in the production of 
semiconductors. 


These new ultra pure specifications 
for “Electronic Grade’ HF point up 
Baker & Adamson’s continued lead- 
ership in supplying high purity pro- 
duction chemicals for the electronic 
industry. B&A “Electronic Grade” 
Hydrofluoric Acid is available in 1 lb. 


plastic bottle, 10 lb. returnable plastic 
jug, 10 lb. nonreturnable polyethylene 
bottle, and 6% gal. polyethylene car- 
boy. Remember . . . for the finest in 
electronic chemicals—specify B&A! 


Quality specifications have also been 
improved for B&A Reagent Hydrofluoric 
Acid, 48% A.C.S. The new reagent 


grade promises greater reliability in 
research... fewer variables in labora- 
tory control work... better analytical 
control . . . more reproducible results. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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1AVING WRIT,/,MOVES ON*"” 


10 stands still, falls behind. Fairchild Semiconduc- Our facilities and working atmosphere have attracted 
r Corporation is devoting considerable effort to engineers and scientists of the highest caliber. Their 
‘ilding the lead it has achieved in advanced silicon work, combined with creatively oriented management 
miconductor devices. We are not unique in our § policies and the abilities of the entire staff, has re- 
chnological abilities; we do have a head start. It is -#% sulted in a whole series of product innovations. 

opportunity and a challenge based in Time. We are still moving on in transistors, and have now 


branched into diodes of similarly advanced technolo- 
gies. Current programs include integrated solid-state 
circuitry and investigations of semiconductor films 
and III-V compounds. If yours is a relevant back- 
ground, and if you would like to move ahead with us, 
we would very much like to hear from you. 


her-manufacturers will duplicate our currently 
jique transistors. By then, our projects now in 
search & Development will have become the ad- 
nced products of their own time and the challenge 
ntinues. Success is followed by greater successes 
.or obsolescence. 


*The Rubdiydt of Omar Khayyam 


MONSANTO SILICON NOW IN ROUND-THE- 
CLOCK PRODUCTION FROM THIS NEW PLANT 


Now on-stream day and night—Monsanto’s 
new custom-engineered plant near St. Charles, 
Missouri—turning out semiconductor-grade 
SILICON. 


Check into the form of Monsanto SILICON that 
best meets your needs: 


Float-zone-refined single-crystal SILICON ... 
(a) doped to desired resistivities of either ‘“‘p’’ 
or “‘n” type and having high lifetimes (b) wn- 
doped high-resistivity (greater than 1,000 ohm 
cm.) ‘‘p”’ type with lifetime of more than 200 
microseconds. 


Polycrystalline SILICON ... (a) rods designed 
for float-zone refining and capable of making 
single-crystal silicon of high-resistivity ‘‘p”’ 


type, or of being doped to desired levels of ‘‘p”’ 
or “‘n” type resistivities (b) billets with ultra- 
low base boron content for growing high-quality 
crystals. 


To be certain you keep up to date and have all 
the information you need about Monsanto’s 
semiconductor-grade SILICON, just write: 


Monsanto Chemical Company, I norganic Chemi- 
cals Division, Dept. Si-1A, St. Louis 66, Missouri. 


CON 


See us at the IRE show, Booth 4026-27 
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FROM THE PIONEERS OF THE INDUSTRY 


ADVANCED DESIGN 
PRECISION WAFERING 
MACHINE ae 


WITH THE 


INCREASES PRODUCTION EFFICIENCY IN PRECISION CUTTING 
OF GERMANIUM, SILICON AND OTHER DIFFICULT TO WORK MATERIALS 


® Provides smooth, continuous and pos- ® Gives faster return speed 


itive longitudinal table feed ® Eiminaias motor burner 


® Insures better control over low speeds ® Virtually frictionless 


Also available for installation on your present equipment. 


CALL OR WRITE TODAY FOR FULL INFORMATION 


@® Anderson Corp., Gary, Indiana 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 Commerce Avenue Union, New Jersey MUrdock 8-6323 
SEE IT AT THE IRE SHOW BOOTH 4038 


14 


If you are designing semiconductor devices 
that call for extremely low resistivity 
germanium, investigate this new material. 
Semimetals, Inc., is now on stream producing 
low resistivity single-crystal germanium in 
quantity. Extensively tested, the N-type mate- 
rial has been found to have excellent charac- 
teristics, as witness: resistivities in the order 
of 0.0008 ohm-cm; carrier concentrations of 
8 to 4x 1019. 

Production material has shown high uni- 
formity from crystal to crystal, giving readily 
reproducible results. Quality has been repeat- 
edly confirmed by independent testing labora- 
tories and companies sampled. If you are 
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checking available low resistivity 
germanium, you should certainly check 
Semimetals. 

Check Semimetals for any other 
semiconductor or infrared needs, too: 
high purity germanium doped to your 
specificationsis availablein quantity. Qual- 
ity crystals and realistic delivery sched- 
ules are a habit with this prime supplier. 


AXTEL 7-O200 


METALS, INC. 


133-20 91st AVE. 
RICHMOND HILL 18, NEW YORK 
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MADT* 


2N1495 - 2N1496 
2N1204 - 2N1494 


These Diffused-base 
Transistors are 
capable of utilizing 
the full speed of 
new magnetic film 
memory planes 


These new Phileo MADTs are the result of a revolu- 
tionary new development of the Precision-Etch process, 
which gives high switching speed at high currents. They 


eae Ree are capable of switching 400 milliamperes of current at a 
TYPICAL 240 ma SWITCHING CIRCUIT 10 me clock-rate ...and are the only transistors available 
WITH TURN ON CURRENT OF 20 ma ‘ at } ilivati ; ‘ ~ 
AND TURN OFF CURRENT OF 10 ma today that permit full utilization of high-speed magnetic 


film memory planes. The typical fp of 120 me at 100 ma 
makes these units particularly suitable for video drivers, 
pulse line drivers and other high-current switching cir- 
cuits. The ultra high-frequency response at the levels 
normally encountered in current-switching logic cir- 
cuits, coupled with high dissipation capabilities, makes 
these units desirable for this class of circuit application. 


TYPICAL CHARACTERISTICS 


Pr Vee(SAT)] Vee | bre | 
CASE |@25°amb.| Vces Vope=—lv |Vce=—10v 
(Max) | (Max) lc=—200ma} le=25ma 


lc=—200ma 
ls= —10ma 


2N1495| TO-9} 250mw | —30v 60 320me Both the 2N1495 and 2N1204 are available in studded 
2N1496! TO-31 60 320me versions for higher power applications. Typical char- 
2N1204| TO-9 60 320me acteristics are shown in the accompanying table. For 
°2N1494| TO-31 60 320me complete application data, write Dept. SC-360. 


*At 25°C case temp. *Reg. U.S. Pat. Off. 


IMMEDIATELY AVAILABLE 

In Design Quantities through 

your Philco Industrial 

Semiconductor Distributor ® 


LANSDALE DIVISION « LANSDALE, PENNSYLVANIA 
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Slicing and dicing operations are both performed by Norton diamond 
cut-off wheels. An ingot of pure silicon, cemented to a ceramic block is 
sliced by a single wheel. In dicing, wafers are also mounted on ceramic 


blocks. Ganged wheels first cut in one direction; then the blocks supporting 


the wafers are turned 90° for the second cut. The tiny diced pellets, used 
in diodes, are about 1/32” 
Hughes Aircraft Company). 


square by .020” thick. (Photos courtesy of 


lice, dice — and save — electronics materials 
with Norton diamond wheels 


To be suitable for diodes, transistors 
and other electronics parts, such materials 
as silicon and germanium must be prac- 
tically 100% pure. That makes them rare 
materials — and costly. 


They are even more costly when you 
waste any of them in grinding operations. 
This risk is unnecessary. You can avoid it 
when the diamond cut-off wheels you use 
are Norton — engineered to your_exact 
requirements. 

These Norton diamond wheels always 
cut fast, free and straight. Their extreme 
thinness and non-chipping action avoids 
wasting valuable material. And their di- 
mensions are constantly uniform as speci- 


16 


fied — especially important when wheels 
are set up for gang dicing. 

Remember: Norton was first to intro- 
duce all three types of diamond wheels — 
resinoid, metal and vitrified bonded .. . 
does all its own checking and sizing of dia- 
monds... certifies the diamond content 

. . duplicates wheel specifications with 
consistent accuracy ... brings you a com- 
plete line, covering every application. 


See your Abrasive Engineer or Norton 
Distributor for prompt service and 
additional facts. Or write to NoRTON 
CoMPaNy, General Offices, Worcester 6, 
Massachusetts. Plants and distributors 
around the world. 


results. 


Diamond-hard, yet Samer thin: Miking of 
this Norton diamond cut-off wheel shows an ex- 
treme thinness of .004” — a typical result of 
Norton leadership in developing diamond wheels 
“tailor-made” to every application for finest 


W-1886 


Making better products ...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels » Grinding Machines + Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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ABSOLUTE MAXIMUM RATINGS AT 25°C 


Forward Current If 50 mA 
Minimum Breakover Voltage Vbo ‘Town 30V 
TSW-60 60V 
Reverse Breakdown Voltage Vr TSW-30 30V 
TSW-60 60V 


Storage Temperature 


—65°C to 150°C 


Ambient Temperature Range —55°C to +125°C 


a 


SPECIFICATIONS AND TYPICAL CHARACTERISTICS 
(At 25°C Unless Otherwise Stated) 


Saturation Voltage 

Forward Leakage Current 
Reverse Leakage Current 
Forward Leakage Current 
Reverse Leakage Current 


Test Conditions 
Ic = 50mA 
Ve = 30V 
Ve = —30V 
at 125°C 

at 125°C 


Ri = 1K 
Ri = 1K 
le = 50 mA 
lc = 50 mA 
Ri = 1K 


Gate Voltage to Switch “ON” 
Gate Current to Switch ‘‘ON"” 
Gate Voltage to Switch “OFF” 
Gate Current to Switch “OFF” 
Holding Current 


SPECIALLY DESIGNED FOR: 


e Miniaturized Memory Circuits 
e Ring Counters 

Shift Registers 

Controlled Rectifier Driver 
Flip-Flop Equivalent 
Simplified Information Storage 
e 0.3 m second Switching 


>_< 


0.5 usec Base Current 


Collector Current 


Trangitron 


electronic corporation e wakefield, massachusetts 


“Leader. ship in Sem iconductor S’’ste your LocaL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1-993, 
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'WE BROKE THE RULES” 


prone Twinbrook 93-4575 
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October 20, 1959 


Mr. Richard A. Cowan 
300 West 43rd Street 
New York 36, New york 


Dear Mr. Cowan: 


J have never written you to let you know how vital Semi- 
conductor products has been in helping us crack the dynamic 
semiconductor field with United's ultra pure graphite products - 


As you know, we "broke the rules" and advertised with 
you from the very first issue.-- .and we've been mighty glad 
ever since. Tailored exactly to our needs, Semiconductor Pprod- 
ucts is now considered our basic advertising media in reaching 
the technical buying influences concerned with the design and 
production of semiconductor devices. 


We have procured literally hundreds of inquiries from 
our campaign, but most important to us, almost without 
exception, inquiry came from important personnel who wanted 
immediate action -~ and backed it up with their purchase orders. 


Frankly, we're glad we "broke the rules" and went with 
you from issue No. l..--+ it proved to be a fast way of "breaking 
aor the ice" into this fabulous market. 


William G. Harkey 


Cordially yours, 


UNITED CARBON PRODUCTS COMPANY 


‘viiliam G. Hat 
Marketing Director 
WGH/ph 


LEADERSHIP tN THE proovuctTs 


producTION or HIGH PURITY GRAPHITE 
—_——- 
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SEMICONDUCTOR 
PRODUCTS 


The semiconductor ind 1 

ue ett ae ustry is a dynamic field i 
ae Be eas from more than 60 ee te 
Lyte Se ee oe metallurgical oe 
OS an inery industries are just a cay oe 
Soca markets in semiconductor producti : 
$2 billion picture. Wh ee ce service may have a pl nee 
; y not investigate the Be ; Le 
oday: 


SEMICON 
DUCTOR 
PR 
300 West 48rd St., New vate iy ee 
NuY2 
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See us at IRE booth 2434 


SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NOR VE 


3555 W. Peterson Ave., CHICAGO 45, ///., KEystone 9-1776; 2200 East Imperial Highway, EL SEGUNDO, Gai 


DIVERSE APPLICATION in all areas 
of high-speed switching, broad-band 
video amplification and RF oscillation. 
New Sperry line of mesa transistors per- 
mits unsurpassed design flexibility with 
unique combinations of frequency, gain, 
voltage and power dissipation. 


IMPROVED CONSTRUCTION means 
greater reliability. More rugged short- 
post design guarantees better mechan- 
ical strength; concentric base-emitter 
configuration provides optimum effi- 
ciency. And of course, all units undergo 
thorough bakeout at 300°C to insure 
stability. 


HIGHER POWER 2N706 provides 
sophisticated logic device of even greater 
value for reliable high-speed operation 
in the saturated region. 

For unsurpassed stability, perform- 
ance, reliability and long life in silicon 
mesa transistors — SPECIFY SPERRY. 


ELECTRICAL CHARACTERISTICS (25°C) 


Type 2N696 |2N697 |2N699 |2N706 
VcBo 60v. | 60v. | 120v. | 25v. 
hee (Min.) 

(l¢=150ma, | 20 40 40 15 
VCE = 10V) 

h¢e(Min.) 

(l¢=50ma, 

Vopr =10V, be 
f=20mc.”) 2.0 2.5 230 2.0 
for 2N706: 

f=100mc. 

P at 25°C 

cage temp. 2w. 2w. 2w. lw. 
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CONNECTICUT 
Call or write: Sperry Semiconductor, Wilson Avenue, SOUTH NORWALK, Conn., VOlunteer 6-1641; in NE W \QRRI ESI gianna 


ORegeon 


8-6226 


<< 


L 
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Epoxy Products, originator of the famous all-epoxy E-Pak 
encapsulation system, now offers its wide experience 
and equipment for the custom-molding of specialized 
epoxy sub-components. These sub-components can be 
molded with a wide variety of inserts (produced in our 
own precision metal working facilities) to fit your par- 


In addition to conventional ‘‘straight 
through”’ leads, headers can be de- 
signed where the leads take a bend 
through the body of the header. 


Dissimilar leads may be welded to- 
gether so that the bond between them - 
can be molded into the header for 
additional strength. 
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CUSTOM MOLDING OF 
EPOXY SUBSCOMPONENTS 


_..terminal boards, connectors, pin blocks, 
shift registers, headers, with or without |! 


Here are 4 versions of custom-molded, all-epoxy sub-components 


137 Coit St., Irvington, N. J. * ESsex 5-6000 


nserts! 


Sig 


ticular requirements. Every unit is delivered in finished 
form, tested and ready for reliable use with your 
component. 

Let us design to meet your special requirements, 
in all materials including fire resistant and colored epoxy 
compounds. Write today for further information. 


Headers have been made with shoul. 
der ridge that is molded to fit into 
and support the case. A threaded 
brass insert may also be molded into 
the header to fit the female end of 
the component. 


Header leads are embedded to fit a 
standard seven-pin miniature socket. 
A wide choice of epoxy formulations, 
for use with copper, brass, silver, 
gold-plated metals, etc., is available. 


PRODUCTS 


A DIVISION OF JOSEPH WALDMAN & SONS 
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An important message 
to manufacturers of 


semi-conductors —~— 
electronic tubes 
thermistors 
ferrites 


J.T. BAKER ELECTRONIC CHEMICALS 


Acetic Acid, Glacial 
Acetone 

Aluminum Nitrate 
Aluminum Sulfate 
Ammonium Carbonate 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Phosphate 
Antimony Trioxide 
Barium Acetate 
Barium Carbonate 
Barium Fluoride 
Barium Nitrate 
Benzene 

Boric Acid 

Cadmium Chloride 
Cadmium Nitrate 
Cadmium Sulfate 
Calcium Carbonate 


Cobalt Carbonate 
Cobalt Oxide 
Cobalt Nitrate 
Ether, Anhydrous 
Hydrochloric Acid 
Hydrofluoric Acid 
Hydrogen Peroxide, 
30% and 3% Solution 
Lithium Carbonate 
Lithium Chloride 
Lithium Nitrate 
Lithium Sulfate 
Magnesium Carbonate 
Magnesium Chloride 
Magnesium Oxide 
Manganese Dioxide 
Manganese Nitrate 
Manganese Sesquioxide 
Manganous Carbonate 


Nickelous Nitrate 
Nickelous Sulfate 
Nitric Acid 
Petroleum Ether 
Potassium Dichromate 
Potassium Hydroxide 
iso-Propyl Alcohol 
Radio Mixture No. 3 
Silicie Acid 

Sodium Carbonate 
Sodium Chloride 
Sodium Hydroxide 


Sodium Phosphate Dibasic 


Strontium Carbonate 
Strontium Nitrate 
Sulfuric Acid 
Toluene 
Trichloroethylene 
Triple Carbonate 


You can reduce your production 
costs with “Baker Analyzed’ Re- 
agents because (1) they are manu- 
factured to exceedingly high stand- 
ards of purity at no price premium 
to you, (2) they are consistently 
pure, consistently uniform, lot after 
lot, (3) Baker reagent purity regu- 
larly offers you the quality-plus de- 
manded by the specialized processes 
and products of your industry, (4 ) 
the regular ‘Baker Analyzed’ Label 
defines a degree of purity so high 
that special “electronic grade”’ label- 
ing is unnecessary. 


As the electronics industry is able 
to define its needs more precisely, 


Caicium Chloride Methanol Xylene Baker will continue to provide ma- 
Calcium Fluoride Nickel Carbonate Zinc Chloride terial meeting the required speci- 
Calcium Nitrate Nickel Oxide, Black Zinc Nitrate fications. 

Calcium Phosphate Nickel Oxide, Green Zinc Oxide 


Carbon Tetrachloride 
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Nickelous Chloride 


Listed at the left are some of the 
J. T. Baker high purity chemicals 
of particular importance to elec- 
tronic manufacturers. 


J.T.Baker 


4 
mic 


- 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
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NEW 


of precious and 


HIGHEST RELIABILITY » 
PRECISION CONTROLLED 


3 


Uniform thicknesses | 
from .000003” to .001” || 


Non-Blistering 
100% Density 


UNI-FoRM equipment is the most modern in 
existence for continuous plating of wire as small 
as .0003” diameter, and strip as thin as .001” — 
on molybdenum, platinum, Kovar, nickel and 
other materials. And our methods of plating pure 
gold or “‘P” and ‘“‘N’’ doped’ gold’ alloys on 
molybdenum, are unique. 


Headers, Bases and Tabs entirely covered with 
antimony gold, offer exceptional solderability, 
highest purity. and no peeling due to heat or 
etching when plated by the rigidly controlled 
UNI-ForM process. 


Complete laboratory facilities available... Your 
inquiries are invited. 
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a specialized plating service for 
semiconductor manufacturers and suppliers 


UNIFORM 
ELECTROPLATING 


semi-precious metals 


For Better 
Plating of 
Rhodium 
Platinum 
Palladium 

Hard Alloy Gold 
24K Hard Gold 
24K Industrial Gold 
Antimony Gold 
Indium Gold 
Gallium Gold 
Bright Silver 
Silver 

Nickel 
Cadmium 
Copper 

Tin 


Book 


Reviews 


TITLE: Vacuum-Tube & Semiconductor 
Electronics 


AUTHOR: Jacob Millman 


PUBLISHER: McGraw-Hill, New York 


Vacuum-Tube and Semiconductor Elee- 


tronics is a book written to be used as a | 


college undergraduate textbook, for a first 
electronics course, presenting an inte- 
grated view of modern electronics in 
terms of both transistors and vacuum 
tubes. 


The book starts by developing the con- 
cept of motion of charged particles in 
magnetic and electric fields. The concepts 
are evolved from the physics and nu- 
merous illustrations and examples do 
much to clarify the work. The application 
of theory is made in chapter II, where 
the cathode-ray tube is covered in detail 
by considering the magnetic and electro- 
static deflection conditions. 


Chapter III introduces metals and 
semiconductors from an atomic concept. 
Again the liberal use of illustrative mate- 
rial aids in understanding. Thermionic 
emission is included as preface to the next 
two chapters which treat the vacuum and 
semiconductor diodes. 


Chapters VIII and IX proceed in a 
like manner. Chapter VIII is a very con- 
cise presentation of the vacuum-triode. 
Both the Thévenin and Norton equivalent 
circuits.are used to explain circuit opera- 
tion. Many circuit configurations are dis- 
cussed and each circuit is analyzed in 
detail. Chapter IX introduces the junc- 
tion transistors characteristics in a like 
manner. Here again a very thorough 
presentation is made. The actual operation 
of the transistor merits a separate chapter 
in itself which is entitled ‘Transistor 
Linear Equivalent Circuits’. The familiar 
transistor circuit configurations are 
derived for both the T and h-parameter 
equivalents. 


The balance of the book covers many 
additional topics such as rectifiers, dis- 
charge in gases, untuned voltage ampli- 
fiers, feedback amplifiers, oscillators and 
power supplies. The solution of Poisson’s 
equation and the development of the con- 
tinuity equations for a semiconductor are 
to be found in a very extensive appendix. 


Vacuum-Tube and Semiconductor Elec- 
tronics is an excellent book, rare in its 
clarity of presentation and scope of cover- 
age. Even those well schooled in the field 
of electronics would do well to add this 
definitive work to their bookshelves as a 
basic textbook and reference of very use- 
ful information. 
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‘TITLE: Television Engineering, Princi- 
ples and Practice (Volume IV) 


‘AUTHORS: S. W. Amos, D. C. Birkinshaw 
PUBLISHER: Tliffe & Sons Ltd., London 


: 
Television Engineering, Principles and 
Practice is the fourth volume in a series 
of training manuals used by the British 
‘Broadcasting Corporation. 

The first chapter discusses counter cir- 
cuits starting with basic definitions and 
circuits. The step counter or storage ca- 
-pacitor is described and the discussion 
leads to the use of the divider or a method 
of frequency division. The ring counter 
and binary counter are next considered 
and again methods of frequency division 
are shown. The material leads quite 
smoothly into the second chapter entitled 
“Frequency Dividers’. The methods of 
frequency division are very thoroughly 
treated in terms of the requirements of 
television. 


Chapters III, IV and V discuss the d-c 
clamp and restorer in very great detail. 
Chapter III draws the distinction be- 
tween these two circuits and goes on 
to describe the requirements and limita- 
tions of both. Chapter four is devoted en- 
tirely to the restorer and chapter five to 
the clamp. 


A topic rarely treated in adequate de- 
tail, gamma, is next considered in the 
sixth chapter. Gamma, or the slope of the 
curve of log output versus log input, is a 
basic television quantity since it is indica- 
tive of the tonal qualities of the television 
picture. This chapter discusses the effects 
of extremes of gamma and describes spe- 
cial circuitry to achieve gamma control. 
Various gamma corrector circuits are 
described utilizing non-linear vacuum 
tube characteristics as the gamma correct- 
ing device. 


The balance of the book covers delay 
lines, equalizers, line and field output 
stages as well as regulated cathode fol- 
lowers and amplifiers in addition to other 
selected topics. 


Television Engineering is more than an 
excellent textbook, it is a practical engi- 
neering manual of theory, circuits and 
techniques. The material is presented in 
an unusually understandable form by au- 
thors that obviously know their engi- 
neering. This coupled with the value of 
the material itself should place this book 
well in the library of the television engi- 
neer and technician. 


By Stephen E. Lipsky 


® 


UH-9 ULTRA HIGH VACUUM SYSTEM 
for Work in the 10°? mm Hg Range 


A most significant advance in High Vacuum Technology, 
which brings yesterday's theoretical pressures to you in a 
practical working tool! The KINNEY UH-9, employing differ- 
ential Pumping, gives you 1 x 10° mm Hg or better, enabling 
you to arrive at determinations that were, heretofore, unat- 
tainable. Write for full information today. 


KINNEY vacuum vivision 

THE NEW YORK AIR BRAKE COMPANY fy) 
3524C WASHINGTON STREET* BOSTON 30 + MASS. 
Please send me full information on KINNEY UH-9 Ultra 
High Vacuum System. 


Name. 


Company. 
Address 


Cy sre Zone State 
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NOW. ..every volume tester of semiconductor 


devices can profit with SMART 


CT's Sequential Mechanism for Automatic Recording and Testing). 


This new automatic testing-recording system offers 
you greater speed, more consistent accuracy, and lower 
unit testing costs than are obtainable by any hand testing 
means. Whether your requirements are Engineering 
Studies, Quality Assurance, Quality Control or Reliability 
Testing of semiconductor devices, SMART will add 
greatly to the efficiency of your operation. 

The standard SMART machine enables you to meas- 
ure up to 16 different d-c parameters of a transistor or 
other semiconductor device and record these data within 
12 seconds. A minimum time of .5-second is required to 


test each parameter and an additional .2-second records. 


the intelligence on an IBM 526 Summary Punch or other 
digital recording device. Using all 16 parameters, of 
course, 300 transistors may be tested per hour; however, 


fewer parameters would be desired on most testing runs — 
and upwards of 500 semiconductors/hour could be han- 


dled easily. 


Sixteen programming modules permit you to skip, hold . 
or delay individual tests as well as control the level of — 
biasing supplies. You may record actual parameter values _ 


oe 


or set the machine for rejection limits only. Overall sys- : 


tem accuracy is 1% of full scale readout. 

The highly versatile SMART, with auxiliary consoles, 
may also be used for small signal h parameters; pulse, 
high frequency and power testing; and with environmental 


equipment in many types of factorial analyses. Also, the — 


system may utilize scanning units for production runs, 
thus adding another high speed automatic feature. 
Request Bulletin A-701 for additional information. To 
solve your specialized testing problems on electronic com- 
ponents such as transistors, diodes, capacitors, resistors, 
and inductors, call Tl’s experienced application engineers. 


1@) 


® 


TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY * HOUSTON 6, TEXAS 
CABLE: TEXINS 


Be sure to see the SMART Machine 
in operation at the IRE Show 
New York, March 21-24 


' Today more than 60% of all transistor elements are 


_ try-wide preference was won through sheer perfor- 


Now the new Microtom-atic MTA-7 brings even 


THE INDUSTRY’S FIRST CHOICE 


ae 


4 *Reg. T.M.— The 
DoALL Company. 
Microtom-atic is taken 
fromtheword microtome, 
defined by Webster as 
“An instrument for cut- 
ting sections.” 


for ultra-precision 
slicing and dicing 
of semiconductor 
| materials 


being cut on Microtom-atic machines. This indus- 


mance — dependable accuracy, high production 
rates, and trouble-free, continuous-duty operation. 


greater accuracy and increased production at lower 
cost. Unique cross-feed mechanism co-ordinates 
mechanical and hydraulic movements to achieve 
ultra-precision indexing. Fracture-free cutting of 
extremely thin wafers with excellent parallelism 
is no problem on the MTA-7. Simple, accurate 
controls expedite setup with minimum waste and 

then the MTA-7 automatically repeats the index- 4 4 7 
ing and cutting cycle until the crystal is com- Large silicon crystal being wafered 
pletely sliced. on an MTA-7. Wafers .030” thick 
The new MTA-7 is extremely rigid throughout ean Lapras ar Be 5 
with heavy base, saddle, table and column con- 

struction. Long life and continued accuracy are 

assured through generous bearing areas, hand-scraped ways and posi- 
tive, automatic lubrication of all contact areas and lead screws. 


If your work involves slicing of hard, brittle and shock-sensitive materials, 
DoALL can help you. Call your local DoALL Sales-Service Store and 
discuss your problem. A corps of specialists and the DoALL Demon- 
stration Test-Center are at your disposal. 


Model MTA-7 provides index stroke 
from 0 to .100” per index with posi- 
tive table rates as low as '%@” per 
minute. Other models available. 


DoALL diamond slicing wheels are 
produced by an exclusive process 
that insures positive rim bond to the 
core. These wheels deliver extreme 
accuracy ... save time and materials. 


The DéALL Company, Des Plaines, Illinois 


Call Your D&BLL Service-Store 


i SAW A VE 
N BANDS L a = ee Sa 
THIS ISA sara nl ad Ugenidia hae MEASURING SHOP SUPPLIES 


TYPICAL DoALL STORE MACHINE TOOLS coccccccescceee CUTTING TOOLS coscccceencesoe INSTRUMENTS covcesecesceIN STOCK 
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A SIGNIFICANT PROFESSIONAL CAREER ANNOUNCEMENT TO 
SEMICONDUCTOR ENGINEERS, CHEMISTS and PHYSICAL CHEMISTS ... 


CBS ELECTRONICS’ 


sets-up important 


NEW MADT PROGRAM 


THE PROGRAM ... This is a major long range program in the 


mass production of Micro Alloy Diffused-base Transistors 
(FAST SWITCHES, HF AMPLIFIERS and HF POWER 
OSCILLATORS) through the use of electro-chemical jet 
etching and plating. These high-frequency transistors with 
extreme accuracy and uniformity for use in industrial and 
military computers are acknowledged to be the most chal- 
lenging phase of tomorrow’s data processing systems. 


THE OPPORTUNITY ... Engineers, Chemists and Physical 


Chemists with competence in semiconductors can now ap- 
ply their full technical capabilities on CBS Electronics’ 
new MADT program which offers exceptional ground- 
floor opportunities. Positions are available at all levels. 
Degree in one of the physical sciences required. 


*THE COMPANY ...CBS ELECTRONICS is the engineering 


and manufacturing arm of COLUMBIA BROADCAST- 
ING SYSTEM, Inc. Supported by its full resources and 
under engineering-oriented management, we continue our 
sound expansion .. . with products characterized by ultra- 
high quality to meet the most exacting reliability standards. 


As amember of the CBS professional family, you will work 
in our new $5,000,000 facility now nearing completion. 
You .and your family will live in a pleasant New England 
community... with beaches, mountains, educational and 
cultural advantages nearby ...and only 45 minutes from 
Metropolitan Boston. 


Qualified applicants are invited to send resume to Mr. 
H. C. Laur. In replying, kindly designate Dept. 2927. 


CBS ELECTRONICS 


A Division of Columbia Broadcasting System, Inc. 


900 Chelmsford Street, Lowell, Mass. 
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DIFFUSED SILICON PNPN CONTROLLED RECTIFIER 


A three-junction, three-terminal device for use in power control and in 
switching applications requiring up to 16 amps., D.C. In the reverse direction 
(anode negative) it will block current up to its rated PIV, while in the forward 
direction (anode positive) it will block up to its minimum breakover voltage, 
at which point it will quickly switch to the high conduction state. It may 
also be turned on when an appropriate voltage is impressed between gate and 
cathode. In this latter respect it is analogous to a thyratron. In the “on” 
conduction state, the forward voltage drop is essentially that of a standard 
silicon diode. Tentative specifications are as follows: 


MAXIMUM RATINGS 


Peak inverse voltage (PIV)... 25 to 400 volts Peak inverse gate voltage (V,,) ..... 5 volts 
Average forward current (I;)..up to 16 amps Storage temperature ....... —65 to 175°C 
Peak surge current (one cycle)....150 amps Operating temperature ..... —65 to 125°C 
SPECIFICATIONS AT 25°C 
Min. breakover voltage (V,,,)..25 to 400 volts Max. gate current to fire (Inr)........ 80 ma 
Max. leakage current (I,) and (I,)...... 5 ma Typical gate current to fire (ler). ....: 20 ma 
Max. forward voltage (V; avg.).....0.9 volts Typical holding current (I,).......... 10 ma 
Max. gate voltage to fire (V.r).....3.0 volts Turn on time.................. < 5 usec 
Min. gate voltage to fire (V.r)......0.3 volts Turn off time................. < 20 usec 


BOOTH 2009 — IRE SHOW 


QATH AMERICAN ELECTRONICS, INC. 


71 Linden Street, West Lynn, Massachusetts * LYnn 8-4800 
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For research and more accurate 
production of hyperpure materi- 
als for semi-conductors—the new 
Lindberg Floating Zone Scanner 


This newly developed Floating Zone Scanner is a product 
of Lindberg’s technical staff, widely recognized for many 
significant developments in the application of heat to 
industry. Expertly designed, it provides more accurate 
and more precise production of semi-conductors as well 
as serving as ideal research equipment. Already, a num- 
ber of important companies in the semi-conductor field 
are using this equipment for research and production. 
Lindberg Induction Heating Units have been specifically 
designed for use as research and production equipment 
for crystal growing and zone refining of semi-conductors 
and other materials. Write for our Bulletin No. 1600. 


High Frequency Division 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINDBERG heat for industry 
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Personnel 
Notes 


Morgan E. McMahon has been ap- 
pointed manager of the engineering de- 
partment of Pacific Semiconductors, Inc., 
to succeed R. A. Campbell, who was re- 
cently elected vice president in charge 
of operations, Dr. Harper Q. North, presi- 
dent, announced. Mr. McMahon, who has 
been serving as manager of product en- 
gineering, will be responsible for over-all 
engineering department activities, with 
special emphasis on the company tran- 
sistor program. At the same time, Dr. 
North announced the appointment of 
Elmo E. Maiden, manager of special prod- 
ucts, as assistant manager of the engi- 
neering department with special responsi- 
bility for the PSI micro-electronics 
program and the establishment of the 
Micro-Diode Plant. 


George E. Stoll and A. P. Fontaine 
have been elected executive vice presi- 
dents of the Bendix Aviation Corpora- 
tion, it was announced by Malcolm P. 
Ferguson, president. They both are di- 
rectors of the corporation and members 
of its administration committee and 
served previously as vice presidents and 
group executives. Mr. Stoll will be re- 
sponsible for the direction of 24 US. 
divisions and subsidiaries. He plans to 
move his headquarters from South Bend, 
Ind. to Detroit. Mr. Fontaine will be 
responsible for many staff functions, in- 
cluding engineering and research, sales, 
planning, product development, and 
patent activities. His office is in Detroit. 


Two Phileo Research Division execu- 
tives have been promoted to new assign- 
ments, it was announced by Director of 
Research Donald G. Fink. Allen C. Mun- 
ster was named Director of Research, 
Plans and Programs, the division’s senior 
staff position. Lawton M. Hartman, for- 
merly manager of special projects for 
Government and Industrial Research was 
appointed Manager, Technical Planning 
for the Research Division, with responsi- 
bility for coordination of broad planning 
for management and administration. 


Dr. Oskar E. Mattiat, well-known au- 
thority in the acoustics field, has been 
appointed Chief Scientist of Acoustica 
Associates, Inc., of Plainview, N. Y., and 
Los Angeles, it was announced in Plain- 
view, N. Y., by Robert L. Rod, President. 
Dr. Mattiat, who received his Ph.D. in 
Germany, has been engaged in the de- 
velopment of acoustic systems and 
piezoelectric devices since 1934. At 
Acoustica, which manufactures ultra- 
sonic cleaning, gaging and _ processing 
systems, he will be responsible for all 
developments in the fields of piezoelectric 
and magnetostrictive ceramic materials. 


Recently appointed Chief Physicist at 
Semimetals, Inc., is Thomas J. Carroll, 
formerly with Phileo. Mr. Morton Bro- 
zinsky, President of Semimetals, said he 
expected Mr. Carroll’s extensive research 
into semiconductor crystals and other 
metallics to be of great value to the firm. 
Semimetals, Inc., is a prime producer of 
germanium for semiconductor and IR 
devices, and is located in Richmond Hill, 
New York. A graduate of Villanova, Mr. 
Carroll was with Phileco for 9 years in 
metals R&D. 
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as Chief Electronic Engineer has been 
‘announced by Transistor Specialties, Inc., 
Plainview, L. I, N. Y. In this post Mr. 
Stone will direct electronic engineering 
activities both for the Components and 
Systems Division and will administer the 
company’s program of product develop- 
ment in the electronic instruments and 
control fields. He was graduated from 
_ Lehigh University with a B.S. degree in 
Electrical Engineering. He also is li- 
_ censed as a professional engineer in New 
York State. 
Frank H. Bower has joined the Semi- 
conductor Division of Sylvania Electric 
Products Inc. as engineering administra- 
tor, it has been announced by Dr. J. 
Earl Thomas, director of research and 
engineering for the division. In his new 
: post, Mr. Bower is responsible for co- 
_ordinating the administrative activities 
of the division’s general engineering de- 
partment. Before joining Sylvania, he 
was with the Semiconductor Products 
Division of Motorola, Inc. 


The appointment of Norman L. Stone 


International Business Machines Cor- 
poration announced that Dr. Leo Esaki, 
_ discoverer of the Esaki diode, has joined 
IBM as a resident consultant. He will 
work with the Semiconductor Research 
Department at Poughkeepsie where 
much of the company’s Esaki diode in- 
vestigative work is being carried out. Dr. 
Esaki holds the Japanese equivalent of 
the B.S., M.S. and Ph.D. degrees in 
Physics from the University of Tokyo and 
is a member of The Physical Society of 
Japan. He has been granted a leave of 
absence from the Sony Corporation in 
Tokyo where he was in charge of semi- 
conductor research. 


Three appointments to the staff of the 
Marketing Department of the RCA Semi- 
conductor and Materials Division were 
announced by T. R. Hays, Manager. 
Frank F. Neuner, formerly responsible 
for product planning and _ associated 
services, has been named Manager, Prod- 
uct Distribution and Control. Erwin B. 
May, previously Manager of Promotion, 
has been appointed Manager, Advertis- 
ing and Sales Promotion. Irving H. Von 
Zelowitz, formerly Manager, Sales Co- 
ordination, becomes Manager, Semicon- 
ductor Planning. 


Fred Horowitz has joined U. S. Tran- 
sistor Corp. as Development and Project 
Engineer, it was announced by Dr. 
George Wertwijn, Chief Engineer. A 
solid state physicist, he was formerly 
with the Zenith Corp. in Chicago. He is 
a graduate of the University of Illinois. 
At U. S. Transistor Corp.’s new plant in 
Syosset, Long Island, he will concentrate 
on expanding the Research and Develop- 
ment program. 


General Electric has promoted Arling 
Woolaver to transistor product sales man- 
ager in the Semiconductor Products De- 
partment. Mr. Woolaver’s office is now at 
the Department’s marketing headquarters 
at the Charles Building, Liverpool, N. Y. 
In his new position, he replaces C. J. 
Goodman who was recently appointed 
eastern regional sales manager for the 
Department. 


Appointment of James R. Fisher as 
product specialist on piezoelectric ceramic 
materials for the Sprague Electric Com- 
pany was announced by Carroll G. 
Killen, manager of Field Engineering. 
Mr. Fisher comes to Sprague from the 

(Continued on page 94) 
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for basic research, pilot plant 
studies and the more efficient pro- 
duction of semi-conductors— new 
Lindberg Diffusion Furnaces 


Here is a new Lindberg Furnace designed specifically for 
basic research, pilot plant work, or production of solid 
state devices. It is offered in a variety of sizes and capaci- 
ties to enable industries in the semi-conductor field to 
have higher powered equipment adequately insulated and 
designed for its specific use. With this type of furnace 
available, it is not necessary for industry to attempt to 
adapt ordinary furnaces to the highly specialized require- 
ments of the semi-conductor field. For complete informa- 
tion on Lindberg’s standard line of furnaces specifically 
designed for gaseous and solid diffusion uses write for our 
Bulletin No. T-1081. bistom an ishieas 


Pilot Plant Equipment Division Booth M-9 at the New York Show 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINDBERG heat for industry 


Circle No. 30 on Reader Service Card 


e MARCH 1960 29 


A production machine with an EMPHASIS 
on high speed dependability 


for a critical production operation 
in the manufacture of CRYSTAL DIODES 


AUTOMATIC 
FINAL SEAL 


MACHINE 3383 


Built by KAHLE to meet 
the requirements of the 
expanding Semiconductor 
Industry. 


ENGINEERING COMPANY 
3316 Hudson Avenue 


Union City, New Jersey 
Leading Designers and Builders 
of Machinery for the Electronic Industry. 
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Editorial .. . 


| Applications of tunnel diodes, of transistors, of 
magnetic devices and of parametric amplifiers 
were the principal topics discussed at the 1960 
Solid State Circuits Conference. 

As amplifiers the tunnel diodes possess a very 
low noise figure (less than 4 db) which appears 
to be independent of frequency. Their gain may 
be made large, but is very sensitive to load, bias 
supply and temperature variations. Narrow 
band amplification up to frequencies of the order 
of 8 kmc has been obtained. For this purpose the 
diode capacitance, which is a function of bias 
voltage, must be tuned out with appropriate 
shunt inductive reactance. In particular, very 
high frequency operation is obtainable by build- 
ing the diodes as small spots or as narrow strips, 
and placing them in appropriate cavities. 

In addition to the value of the capacitance, 
limiting factors for high frequency operation are 
the intrinsic inductance and the series resistance 
of the terminals. 

More reliable operation is perhaps obtained 

when the diode is used as an oscillator. Simple 
relaxation oscillators are obtained by biasing the 
_ diode in the negative resistance region and series 
connecting an inductance with very low resist- 
ance. In particular the latter circuit, extended to 
two diodes, lends itself to form flip-flops which 
may be used for logic operations as bistable, 
monostable or clock powered units. In the bi- 
stable mode, propagation delays of the order of 
20 millimicroseconds and rise times of the order 
of 4 millimicroseconds were mentioned as typi- 
cal. AND and OR operations, however, were ob- 
tained, respectively, by linear summation and by 
threshold detection and were highly dependent 
on the value of the peak current of the diode 
characteristic. The clock pulse mode, which 
utilizes a majority decision logic, appears to hold 
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The 1960 Solid State Circuits Conference 


promise of fast and simple operation. 

Transistors of the mesa type having dimen- 
sions of the order of the diameter of a human 
hair have been built. These are coaxially encap- 
sulated, possess a base diffusion depth of the 
order of 0.5 u, a base to emitter capacitance of the 
order of 1.6 wwf, and input and output imped- 
ances of the order of 50 ohms. In particular 
their use in a transmission line video amplifier 
having shunt feedback was described. A three 
stage amplifier with a cutoff frequency of 750 
mc, a gain of 17 db, a noise figure of the order 
of 5.5 db, and an output power of the order of 
1 mw was discussed. 

Transistor logic circuits using current switch- 
ing techniques and combining diode logic at the 
base of the input transistor, were shown to pro- 
vide economy of components and fast output rise 
and fall times. 

In the field of magnetic devices an X band 
ferrite switch with a switching time 1 usec and 
an isolation 30 db was presented. On the other 
hand very thin magnetic films (1000 A”) were 
shown to be much faster than ferrite cores and 
to lend themselves to operation of clock pulse 
type (majority decision) or of domain propaga- 
tion type. 

Parametric amplifiers using tunnel diodes 
biased in the positive conductance region were 
shown to present low noise when used as down 
converters. In a particular application, a pump 
frequency of 240 mc, a signal frequency of 210 
me and an output frequency of 30 me were used, 
with a resulting power gain of 6 to 20 db, corre- 
sponding bandwidths of 0.9 to 0.15 me, and cor- 
responding noise figures of 5.5-2.8 db. Other 
parametric amplifier applications discussed use 
of subharmonic pumping and design considera- 
tions of a backward traveling wave amplifier. 


Samuel L. Marshall 
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NEW iron G27 


For Semiconductor and Transistor Manufacture 


e 


Resin Separator and Regenerator Saves 
up to 90% of Costs of Deionized Water 


Pressure Cartridge Deionizer 
Delivers 18-22 megohm Water 
at Point of Use 


Developed for use in conjunction with multiple 
installations of Model T-20 and Model PM-8 
deionizers, a Penfield Regeneration Bench 
makes renewal of exhausted resin charges a 
simple in-plant function. Operator needs only 
feed resin into unit, form a slurry, then turn 
master control switch to each cycle — resin 
separation, regeneration, rinsing and proper 
re-mixing. Capacity is two cubic feet, cycling 
time about two hours. Average operating cost, 
including labor and all material, is less than 
30c per cartridge — up to 90% saving over 
outside service. 


The Penfield PM-8 is a monobed deion- 
izer that ‘‘polishes’ ultra-high purity 
make-up and rinse water at point of use. 
Unique design of top distributor and 
collector well permits flows up to 50 
GPH at less than 4 Ib. pressure drop — 
holds exchange efficiency at 100%. 
Built entirely of plastic to eliminate 
metallic contamination. Sump is clear, 
allowing visual inspection of exchange 
resins. Cartridge unscrews by hand for 
easy resin replacement. Unit also can 
be used as cation exchanger, anion ex- 
changer, water softener, activated car- 
bon filter, oxygen remover or organic 
scavenger. 


Write for fully descriptive 
PENFIELD REGENERATION 
BENCH catalog sheet. 


Write for fully descriptive PENFIELD 
PM-8 DEIONIZER catalog sheet. 


@eeoeeeneeeeeeeeeeeeeeeeeeeeeseeoeeeeeeesceeeseeeeeeeese 
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Weir Washer ‘Polishes’? Cascading Water 
to 18-22 megohms with Instant Monitoring 


Integral filters and pressure-type 
monobed deionizers enable circula- 
tion of ultra-high purity water 
(18-22 megohms) through multiple- 
partitioned tanks. Parts are trans- 
ferred counter-current to flow 
pattern, with each cascade contain- 
ing purer water. Special weir 
design insures that no stagnation 
can occur. Direct-reading conductiv- 
ity meter, controlled by rotary 
switch, permits instant monitoring 
at three check points — influent, 
deionizer effluent, 

tank effluent. Novel 

clip bar makes re- 

placing heating ele- 

ments simple, 

obviates need to 

empty tanks. 


Revolutionary s 
Eductor-Tube Device e 


; 


Simplifies Handling of Miniscule Parts. f 


New Penfield Pickup makes handling of minute particles a sim- 
pler, less costly operation. Exclusive design uses air or inert 
nitrogen forced through a special eductor tube at 1-2 psi. Nega- 
tive pressure is created at pick-up point (where standard hypo- 
dermic needles are attached) sufficient to hold germanium, 
silicon or other miniscule parts. To release the held particle, 
operator merely finger-stops an orifice in the pickup, thus creat- 
ing positive pressure. Use of Penfield Pickups eliminates all foot 
switches, solenoids and costly vacuum equipment — also does 
away with troublesome plugging problems. 


Write for fully descriptive PENFIELD PICKUP catalog sheet. 


Write for fully 
descriptive 
PENFIELD 
WEIR WASHER 
catalog sheet. 
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MANUFACTURING co., INC. 
19 HIGH SCHOOL AVENUE, MERIDEN, CONN. 
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GENERAL @@ ELECTRIC 


FUSED QUARTZ COMPONENTS of high purity—/n stock from a single source. 
Wide variety of semi-conductor grade crucibles, boats, test rubes and furnace tubes. 


GENERAL ELECTRIC MANUFACTURES AND 
STOCKS A COMPLETE RANGE OF: 


e Standard Taper Joints 
¢ Capillary Tubing 


¢ Double Bore Tubing 
¢ Ball and Socket Joints 


¢ Combustion Tubes 
¢ Laboratory Quartzware 


¢ Precision Bore Tubing 


FREE BROCHURE ON G-E FUSED 
QUARTZ. Newly published 40-page 
brochure is yours for the asking. Con- 
tains latest information on physical 
properties and transmission characteris- 


GENERAL ELECTRIC DISTRICT SALES OFFICES 
Eastern: 744 Broad Street 

Newark 2, New Jersey 

Phone: MArket 3-3953 
Midwestern:Euclid Ave. and Campbell Road 
Dept. SP-30, Willoughby, Ohio 
Phone: WHitehall 2-9300 
2747 South Malt Avenue 
Los Angeles 22, California 
Phone: RAymond 3-2541 


Western: 


tics plus complete prices. For your free 
copy of this illustrated booklet, or re- 
quests for engineering assistance, write 
the G-E Willoughby Quartz Plant 


(see ‘‘Midwestern’’ address below). 


Fused Quartz 


CLEAR TUBING AND ROD — Can be 
secured from stock in a complete range 
of sizes—special sizes also available to 
meet your exact specifications. 


TRANSLUCENT TUBING AND ROD— 
In stock for immediate delivery in a wide 
range of sizes. Available in random or 
cut lengths to fit your requirements. 


INGOTS, PLATES AND DISCS— 
Rough-cut or ground and polished in 
diameters up to 19”. Lenses, windows, 
prisms supplied in a wide range of sizes 
—or finished to your needs. 


Progress ls Our Most Important Product 
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Success begins by buying very wisely any material or part 
that has anything to do with the quality or performance of 
your end product. In this business, especially, wise buying 
can be a major contribution to a company’s acceptance and 
sales success. When it’s a matter of buying semiconductor 
processing boats and other graphite parts, your wisest source 


selection is United. Here are some important “buy-products” 
that make it so. 


1. You get highest purity graphite — guaranteed by United’s 
famous “F” process. This ultra high purity minimizes oxi- 
dation and wear; reduces contamination possibilities; assures 
longer service life and lower replacement costs; protects the 
quality and reliability of your products. 


2. You get matchless machining—United’s mastery of the 
most advanced machining methods—and experience with the 
finest new tools available—results in new heights of high- 
precision and close-tolerance machining for your parts. 


3. You get the best R & D—on design of parts, on purity of 
graphite, on techniques of machining. Continued research 
and development in all these areas adds up to a United effort 
to help make your products successful in the field, and your 
company’s name preferred. Buy successfully ... buy United! 


Do you have United’s new Semiconductor Graphite catalog? 
Write or phone for your copy .. 


any graphite problem. 


/UNITED. Carbon products co. 


. or for immediate help on 


P.O. BOX 747 ~ 
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BAY CITY, MICHIGAN 


PAUL V. SIMPSON* 


of the cascode tube. 


been extremely rapid; however, it was not until 

quite recently that high frequency transistors 
for use in the vhf television tuner became commer- 
cially available. Such transistors are required to func- 
tion acceptably in the 50-250 mc range in a broad band 
r-f amplifier, mixer, and local oscillator. In addition 
to this performance requirement the transistors must 
meet cost and volume production figures as dictated 
by the entertainment field. 

The micro alloy diffused base transistor (madt) 
was one of a few types which showed early promise 
as a vhf device. Another candidate was the mesa tran- 
sistor which, by its structure, seemed fundamentally 
strong at high frequencies. However, vhf mesa tran- 
sistor development seemed not as far advanced at the 
time work was first undertaken to design a commer- 
cial transistor tuner. 

This paper is essentially a report on a vhf television 
tuner design project using the madt. For this proj- 
ect the tuner engineering sections of both the Philco 
Corporation and the General Instrument Corporation 
collaborated in order to come up with a commercial 
design for use in the “Safari,” a transistorized battery 
operated portable television receiver. The project has 
long since been completed and many thousands of 
tuners have by now been mass produced. Noise and 
gain performance of the tuner using the madt is 
comparable to the performance of a vacuum tube 
tuner employing a pentode r-f tube. 

The general plan of this presentation is first to con- 
sider individual stage operation, that is, operation of 
the r-f amplifier, mixer, and oscillator stages by them- 
selves in their d-c and a-c aspects. ‘The individual 
stages are then coupled together into a single chan- 
nel tuner in order to discuss the associated resonant 
circuitry. Only channel 13 data is considered in this 
portion of the paper since at the highest frequency 


[Der ecces IN THE SEMICONDUCTOR field have 


* Group Engineer (T.V.), Philco Corp., Philadelphia, Pa. 
** Sr. Engineer, General Instrument Corp., Semiconductor 
Division, Newark, N. J. BS ae Di 
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Design Notes on a Transistorized 


VHF T.V. Tuner 


VICTOR MUKAI** 


This article contains notes taken during the design, development, and production of a. 
transistorized vhf television tuner. The tuner employs three madt transistors in the 
conventional r-f amplifier, mixer, oscillator arrangement. Data is given to show that noise 
and gain performance of this tuner is comparable to that of a vacuum tube tuner employ- 
ing a pentode r-f tube. However, the fact is also noted that present transistors, when 
implemented into the tuner package are capable of noise performance approaching that 


channel the transistor is most severely taxed to per- 
form. A brief description of the completed 12-channel 
design, the package, and some overail measurements 
and comments conclude the article. Since a commer- 
cial transistor television tuner is as yet relatively new 
it is felt that the objective within the scope of a single 
article of a few pages should be broad in subject cov- 
erage rather than specifically vigorous. 

Some of the illustrations in this article are repro- 
ductions of curves taken during our early design 
work, most of which was done using hand-made 
madt’s. To this extent there may be variations as 
things stand today, at least in magnitudes, since the 
tuner development and the transistor development 
proceeded hand in hand. However, it is believed that 
the character or trend of the curves is essentially the 
same. 


RF Amplifier: Noise Figure, Gain vs. Operating Point 


Fig. 1 shows a plot of gain and NF against collector 
current at constant voltage for a common emitter con- 
nected r-f stage. Gain and noise figures are, of course, 
primary performance criteria for the r-f stage. Note 
that from about 2.5 ma on, the curves are relatively 
flat; also that the point for best gain and lowest NF 
almost coincide. This is somewhat different than for a 
vacuum tube, where best NF occurs about 1% db or 
so beyond best gain. 

To an extent these curves may be looked upon as a 
factor in the determination of operating point for the 
r-f stage since this represents an optimization of im- 
portant operational criteria against ‘the: imposed d-c 
conditions. Of course th’ the overall consideration of 
the quiescent point other problems such as collector 
dissipation may become critical and force a! compro- 
mise with performance. By and large if you get down 
to fine details the matter of operating point can be a 
hazy proposition until mariy curves have been run. 
Because of: manufacturing difficulties in controlling 
6, it is of course important to stabilize rather heav- 
ily to avoid large variations im production and to en- 
hance interchangeability. The stabilization factor for 
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COLLECTOR CURRENT (lc) IN MA 


Fig. 1—Noise figure and gain vs. collector current for 
r-f amplifier. 
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Fig. 2—Noise figure and gain vs. collector current for 
mixer stage. 


the r-f stage is around 4.5, the collector current in the 
neighborhood of 3 ma at about 7 V. eollector to 
emitter voltage. The low input impedance level (in 
the neighborhood of 50-100 ohms) of the transistor 
provides considerable design latitude as to the d-c 
biasing network. 

A decrease of collector voltage at constant current 
resulted in Jower noise figures. However, gain fall-off 
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COLLECTOR TO EMITTER 
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Fig. 3—Gain and noise figure vs. V;, (collector to 
emitter voltage) for mixer stage. 


is rapid and advantage could not be taken of this 
property. 


Mixer Stage: Noise Factor, Gain vs. Operating Point 


Similar curves are shown in Fig. 2 for the mixer~ 
stage taken at an adequate oscillator injection level. 
Note that here maximum gain occurs at somewhat 
beyond the point for lowest noise (about 1.5 db). A 
collector current of approximately 1.5 ma seemed to 
be a reasonable choice for mixer operation. 

Fig. 3 is a plot of mixer gain and noise against col- 
lector to emitter voltage at 1.5 ma of current. The 
noise figure hardly varied at all here while gain was 
reasonably flat from approximately 10 V and higher. 

On the basis of these and other similar curves, a 
nominal quiescent point of 10 V and 1.5 ma was se- 
lected. 

It should be noted that since the given curves of 
noise are for individual stages only these noise figures 
must be related to system noise before conclusions 
can be drawn. At r-f stage gain levels, shown in Fig. 1, 
the mixer stage is still contributing to system noise 
figure. Although gain magnitudes shown on the curves 
were subject to some experimental error, it was still 
possible at this point of the design to estimate that 
16 db of system power gain (70 ohm input and out- 
put levels) and a system noise figure of 12 db were 
realistic design targets to shoot for. 

Mixer gain and noise figure as related to oscillator 
injection is shown in Fig. 4. Approximately 0.2 volt 
rms of injection is required from the oscillator source 
on channel 13. This corresponds, typically to 0.5mw 


in injection power needed to optimize mixer gain and 
ngise. 


Oscillator Stage: Power vs. Operating Point 


Much more than the required .5mw of mixer in- 
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Fig. 4—Gain and noise figure vs. oscillator injection. 
Mixer stage, channel 13. 


jection power is readily available from the oscillator. 


The available a-c power of course increases with d-c 


_input power in the region of operation and varies in- 


versely with temperature. A choice of d-c design cen- 
ter for the oscillator stage is therefore a compromise 
between low line or low battery conditions, tempera- 
ture rise effects and collector dissipation after injec- 
tion circuit losses are estimated. Transistor nonuni- 


'formity was also considered prior to setting the 


quiescent point at 8.5 volts and 2.5 ma. 


Other Factors 


There are, of course, many other criteria for each 
individual stage. For the r-f stage there is the matter 


of neutralization, gain control, and age factors; for 


the mixer stage, impedance terminations and injec- 
tion; for the oscillator, the frequency shift (a) with 
applied d-c voltage and (b) with temperature. 

For the r-f amplifier good neutralization is impor- 
tant for input-output isolation. Two rather familiar 
neutralizing circuits are shown in Fig. 5. Both worked 


acceptably on a single stage basis as evidenced by the 


lack of reflections into the input circuit for small 
transient changes of the output circuit. 

Gain control or age is another factor of considerable 
weight in r-f design. Due to the presence of an in- 
trinsic base region in the madt, forward age (control 
of gain by reduced collector voltage) is available as 
well as reverse age (control by current reduction). A 
typical curve of both forward and reverse age is 
shown in Fig. 6. As noted in the figure the quiescent 
point sits on the apex of this curve. A channel 13 gain 
reduction of about 30 db is available in either case. 

Of course gain reduction by itself is only a portion 
of the story on gain control. To be more complete the 
variations of overload characteristics, picture and 
sound carrier tilt and v.s.w.r. or impedance should be 
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Fig. 5—Types of neutralizing circuits, r-f amplifier. 
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Fig. 6—Gain reduction vs. collector current. 


evaluated as functions of reduced gain. When such 
comparisons are made it is seen that the two systems, 
reverse age and forward age, have a wide difference in 
the matter of overload level which becomes very small 
at reduced current. A curve of overload level vs col- 
lector current depicting this difference is shown in 
Fig. 7. When age bias is such that collector current is 
near .1 ma the open circuit overload voltage of a 300 
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OVERLOAD POWER IN MICRO-WATTS 


Fig. 8—Input resistance vs. I,, Output resistance vs. 
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Fig. 7—Overload characteristics of r-f amplifier. 
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ohm source would be merely 45 mv. At zero bias this - 
voltage is in the vicinity of 1 volt although the mixer — 
would probably overload in this case. Particularly for 
this reason forward age is to be recommended; how- 
ever, forward age requires a control voltage which is 
greater than the supply. A manual type gain control 
in the form of a fringe-suburban-local switch was used 
to reduce collector voltage for the tuner used in the 
“Safari” Set. The manual type of gain control can be 
described as something in between the two other sys- 
tems of age since current is reduced also, but not | 
nearly as much as in the case of reverse age. 

As an illustration of what happens to input and out- 
put R with current, a curve showing this variation 
is given in Fig. 8. At 3 ma of current, input R is 50 
ohms for this transistor and the output R 1500 ohms, 
but for reduced current values (I, in the vicinity 
of < 1 ma) the slope is changing rapidly. 

Since a mixer contains many frequencies it is of 
course reasonable to expect that its characteristics at 
signal frequency can be affected by its external ter- 
mination at important off signal frequencies such as 
lo. frequency, l.o. 2nd harmonic frequency, image 
frequency and i-f frequency. A study of these various 
terminations: revealed that the i-f termination from 
base to ground was by far the most dominant imped- 
ance for the common emitter connected mixer. A 
series resonant circuit connected from base to ground 
to lower the i-f impedance made a difference of about 
4 db in gain, and 6 db in mixer stage noise figure. This 
is mixer noise alone and is worth about one and a 
half db when considering total system noise. It was 
also clear that tapping the mixer input onto a low im- 
pedance point on the interstage resonant circuit was 
another way of obtaining low i-f input impedance at 
the mixer. The mixer has at its input a shunt RC net- 
work amounting to about 7 uuf in capacity and 70- 
100 ohms in resistance. The output resistance at 40 
me is on the order of 10K ohms. When the mixer 
impedances are considered together with those for the 
r-f stage it is seen that the available bandwidth is 
much greater than that required for TV. 

Aside from power considerations, the other impor- 
tant oscillator characteristic is frequency shift (a) 
with voltage and (b) with temperature. 

A typical curve of frequency shift with voltage for 
the oscillator is shown in Fig. 9. The frequency rises 
250 ke at 14 volts V.. and falls about a megacycle at 
8.5 volts totaling 1.25 me over a 5.5 V range. From 
the nominal voltage of 12 V + 2 volts, the shift is 
+ 250 ke. 

—500ke. | 

The tabulation of frequency shift with temperature 
in Fig. 10 shows that lower stability factor helps sub- 
stantially in reducing frequency shift with tempera- 
ture. “Other Compensations” refer to the application 
of T.C. capacitors and material changes, techniques 
common to vacuum tube oscillators. With a stabiliza- 
tion factor of approximately 3, and good materials in 
the physical support of components, it was possible to 
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keep short term drift within +300 ke of a one min- 

ute warm-up time initial frequency, the rise being 25 
- degrees C. An average total fine tuning range of 3 to 
5 mc has been adequate to cover these changes, plus 
‘the changes incurred by battery aging. 


Single Channel Tests 


Fig. 11 is a schematic of the individual stages cou- 
pled together into a single channel tuner. Measure- 
ments of gain and noise factor taken on a set-up of 

. this kind on channel 13 measured 16-21 db in 70 ohm 
power gain and 10.5 to 12.5 db in noise over several 
sets of transistors. This single channel schematic is 
also a simplified representation of the tuned circuit 
line-up in any channel position of the completed 
tuner. 

Design choices as to the resonant circuitry are largely 
based on previous experience with tuners in general. 
The overall r-f resonant tank line-up is conventional; 
single tuned input and double tuned interstage, the 
i-f output being taken out at a 70 ohm point on the i-f 
inductance. The 70 ohm antenna output is inductively 
tapped on the input single tuned circuit while the r-f 
transistor is capacitively tapped. This insures low fre- 
quency rejection which is necessary in reducing cross- 
modulation. The r-f collector output operates into a 
capacitively split tank circuit from which neutraliza- 
tion power is fed back in appropriate phase. The 
mixer input circuit provides an approximately 6/1 tap 
down for the transistor and also has low i-f impedance 
to ground by virtue of a series i-f tuned resonance 
circuit which obviates the need to neutralize the 
mixer. As mentioned before, an alternative circuit in 
which the transistor ‘is tapped inductively onto the 
resonant circuit in much the same way that the an- 
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Fig. 9—Frequency shift vs. supply voltage of transistor. 
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Fig. 10—Frequency shift with temperature. 
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Fig. 11—Single channel schematic—typical impedances 
shown are for channel 13. 
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Fig. 12—Schematic of 12 channel TV tuner. 


tenna or generator here is tapped onto the input tank 
can be used. Oscillator power is fed into the mixer 
with an emitter injection circuit which provides excel- 
lent oscillator isolation within the mixer r-f passband. 


Completed Tuner Package 


Completion of the final 12 channel circuitry 
amounts to tracking the frequency, neutralization, 
bandwidth, and injection power so as to remain at 
or near optimum conditions for each channel position 
with negligible spurious response. Tuner engineers 
will recognize that this in itself could be a formidable 
problem particularly with an incremental tuner. How- 
ever, these are general tuner problems with tran- 
sistors or tubes and since this is essentially an article 
on transistorization, this phase will be dismissed here 
with a few statements with reference to the complete 
12 channel schematic of Fig. 12. The neutralization of 
the r-f amplifier as viewed backward at the antenna 
terminals from a signal injected at the mixer input is 
uniform from channel to channel as evidenced by a 
distinct dip in output. A considerable reduction of 
transistor capacity variables is available by the large 
values of C at both r-f and mixer input points. (Note 
15 uuf for r-f and 30 uuf at mixer.) This minimizes 
frequency alignment problems caused by transistor 
variations and replacements. In anticipation of the 
usual uniformity problems of a new device the con- 
trol in variations was taken away from the transistors 
and placed in the components wherever possible. A 
total of approximately 5 uf external capacity is also 
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across the r-f collector which swamps the transistor 
capacity by approximately 3:1. Injection power is 
maintained close to optimum for mixer gain through- 
out the vhf band, while at the same time the oscil- 
lator loading on the r-f response is minimized by the 
injection circuit used. The required oscillator power, 
when measured in terms of rms voltage at the emitter, 
results in lower injection requirements for the low 
channels (channels 2-6), compared to the high chan- 
nels (channels 7-13). 

The complete circuitry was incorporated into a 
modified version of the small tuner package shown in 
Fig. 13. This package is 342’’ x 2’’ x 2%” in size. The 
package had been and still is, used for a tube tuner 
employing a printed board. With a small amount of re- 
tooling, some basic changes were made to produce the 
transistor package. For the transistor’ tuner, the 
printed circuitry was removed for reasons of flexi- 
bility in view of the new device. Also for flexibility, 
sockets were used for the transistor. Components 
formerly mounted on the printed circuit board were 
placed above and below the side mounted chassis 
plate, (this is a sub-assembly as shown), and wired 
point to point. Fig. 14 shows the underside of both the 
sub-assembly and the finished tuner. The overall re- 
sult is a fairly smooth transition from tube to tran- 
sistor operation in the same package at reasonable 
tool cost. Transistors being quite sensitive to environ- 
ment at these frequencies, the extra shielding result- 


ing from the side mount was helpful in completing 
the design. 
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Overall Performance & Field Tests 


Fig. 15 contains a tabulation of typical overall per- 
formance from this transistor tuner. Note that high 
channel noise figures are about equivalent to those of 
pentodes. The low channel noise figures are better 
by 2 db.; however, the value of good low channel noise 
is modified by galactic noise. Rejections of the order 
shown here are excellent and this includes overall 
radiation rejection, which at its worst point is 2/1 
below the F.C.C. limit of 150 uV/m on the high chan- 
nels and 50 uV/m on the low channels. 

Field tests of overload and cross modulation were 
made using the manually switched gain control sys- 
tem previously described. With this gain control sys- 
tem no particular overload problem was found with 
levels as high as .4 volt at 300 ohms input. 

Cross modulation tests were based on the vacuum 
tube analysis which shows that percentage cross 
_ modulation is proportional to the square of the inter- 
fering voltage and independent of the desired voltage. 

The test is carried out in the field by comparing the 
transistor tuner with a tube tuner in similar model 
receivers. The test consists of connecting a variable 
attenuator between the receiver and its antenna in 
the presence of strong signals until the desired picture 
is interference free. This is done at the same time for 
both transistor tuner receiver and tube tuner receiver. 
The difference between the required db attenuation 
for the two receivers is then an indication of their 
relative cross modulation capabilities. Using this 
method the transistor tuner was consistently within 
4 db of a tetrode tube tuner for various desired signal 
levels even considering the broader input bandwidth 
of the transistor tuner. 
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Modified version of small tuner package. Fig. 14—Underside of the sub-assembly and the finished 


~ 


tuner. 


Summary and Future Tuner Aspects 


It has been the dual objective of this article 
to describe a particular vhf transistor tuner de- 
sign and also to present some general design notes. It 
might be informative to sum-up the major differ- 
ences in circuitry between the transistor tuner and 
the vacuum tube tuner, apart from stability and d-c. 
considerations. These are, most briefly then, for the r-f 
stage, the matter of agc and difference in behavior 
under gain reduction; for the mixer the necessity of 
a low input impedance at i-f frequency and low com- 
mon side to ground impedance at i-f; and of course, 
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overall, since the transistor is inherently a bi-lateral 
device, the isolation between stages should be given 
more attention for trouble free fast production. 

As to the future, if it is believed that that which has 
been produced is then obsolete, this can surely be ap- 
plied to the explosive semi-conductor field. Work on 
this particular tuner design was begun when the 
madt was the only transistor which could do the job at 
all. At this writing improved versions of both the madt 
and the mesa transistors have noise figures in the vi- 
cinity of 7-8 db at 200 me which is a challenge to the 
best of conventional tube tuners, the cascode. Indeed 
there are hand-made advanced developmental samples 
of the madt which measures 4 db, surpassing the 
cascode. Much of the future will of course depend on 
transistor cost which is still relatively high, being 
approximately twice that for tubes. However, as the 
use of transistor tuners becomes more prevalent, it is 
natural to expect that cost adjustments should occur, 
leaving performance and size factors as ultimate 


criteria. It is felt to be something more than con- 
jecture that the TV industry will reflect the mo- 
mentum of high frequency transistor progress by apr 
more extended use of transistor tuners in the near 
future, surely in the portable models and perhaps 
even in other lines. 
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Transistor AC Amplifier 
With High Input Impedance 


JAMES J. DAVIDSON* 


A circuit is described which has many useful properties for applications requiring an input 
impedance of a few megohms. It utilizes two transistors in a d-c closed-loop configuration 
having excellent temperature stability. The basic circuit operates to 65° C, while a vari- 
ation, utilizing a Zener diode as the coupling element, is stable to over 100° C. The room 
temperature performance of both is identical. The circuit has unity voltage gain. The input 
impedance ranges from 1 to 4 megohms (depending on transistors) shunted by 40 to 60 
mmf, when feeding a load of 2200 ohms. The resulting power gain is about 30 db, making 
the amplifier a useful coupling means from high impedance sources to subsequent transis- 


tor stages. 


veloped around the vacuum tube as the active 
element, many applications have arisen in which 
the input impedance of an amplifier must be high. 
When the transistor made its advent it had numerous 
advantages, but its relatively low impedance caused 
difficulty in such applications. Numerous approaches 
have been taken to circumvent or solve this problem 
but no unique solution has been found for all areas. 
The circuit described here has some advantages and 
some drawbacks when compared to the many others 
which have been proposed. Its major attributes are 
as follows: 


|b MOST OF THE ELECTRONIC ART has de- 
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Input resistance: 1-4 megohms, depending on 
transistor current gain. 

Input capacity: 40-60 mmf. 

Voltage gain: Unity. 

Power gain: About 30 db. 


Output impedance: Less than 2 ohms (see text). 

Frequency response: Flat from a few cps to above 
200 ke. 

Temperature range: -—80°C to above 100°C. 


The circuit consists of a two-stage amplifier with 
100% negative feedback from output to input. The 
transistors are both of the same conductivity type 
(n-p-n or p-n-p), and the figures above are based on 
germanium units. With silicon, the temperature range 
could no doubt be considerably extended. 
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The Basic Configuration — 


Most high input impedance circuits, in one way or 
another, include the emitter follower as a basic build- 
ing block. Although the development of this particu- 
lar circuit did not proceed with that idea in mind, it 
can be conceived of as a modified emitter follower, 
its distinction being that it has an “active” load. 
The basic emitter follower configuration is well- 
known, ‘1;*) and the simplified circuit, ignoring bias, is 
shown in Fig. 1. The input impedance, to a first ap- 
proximation, equals the current gain of the transistor 
times the load resistance. But since the major require- 
ment of an emitter follower is often to feed a low 
impedance load, the circuit of Fig. 1 is not sufficient 
to do the job. One of the more obvious methods to 
overcome this drawback is to cascade emitter follow- 
ers, and numerous schemes for doing so have been 
proposed.'*:#) However, many of these circuits have 
complications of circuitry, and temperature stability 
problems. 

The essence of the problem is to maintain a high 

load resistance in the emitter of the input transistor, 
regardless of the circuit loading. This means that 
something other than the first transistor must supply 
the major part of the load current, and this calls for 
at least one additional transistor. There are several 
ways in which the extra transistor (s) might be used 
(a second emitter follower is one way), but the 
-method described here uses it as an “active” load. 
Before proceeding to a description of the “active” 
load, consider first the circuit of Fig. 2. Here, tran- 
-sistor T. takes the place of R, in Fig. 1. The circuit 
has the advantage of having an extremely high a-c 
impedance in the emitter of T;, while allowing a rela- 
tively low d-c drop. This can be visualized from the 
idealized characteristic curves of Fig. 3. The d-c 
operating current of T. can be set to point Q, (or 
anywhere else) by means of the battery in the base 
circuit. But the dynamic impedance is represented by 
the slope of the V,-I, curves, and can be extremely 
high. This scheme then allows the use of a high im- 
pedance load without the necessity of a concomitantly 
high-voltage power supply. 
_ However, this circuit does not yet solve the problem 
of maintaining a high input impedance if the load 
hung on the output terminals is low. To do this, some 
way of “activating” Ts, and convincing it to supply 
load current is necessary. So let’s examine exactly 
what would be required to accomplish the “activa- 
tion.” 

The circuit of Fig. 4 is simply Fig. 2 redrawn, and 
with an external load added. For ease of visualization, 
imagine a positive-going pulse inserted into the input 
terminals. Since an emitter follower has no phase 
inversion, a positive pulse will likewise appear at the 
emitter of T;, and consequently at the load. If, now, 
a positive pulse were also forthcoming from the col- 
lector of Ts, the emitter of T,; would not be required 
to supply all the load current. But this could readily 
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Fig. 1—Basic emitter follower. 
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Fig. 2—Emitter follower with a transistor load. 
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Fig. 3—Transistor characteristic curves (idealized). 


be done if a negative pulse were supplied to the base 
of Ts, as shown by the dotted pulses. And such a 
negative pulse is available if a load resistor is inserted 
in the collector of T;. 

Adding the load resistor and connecting the base of 
T. to the collector of T; completes the a-c circuit, as 
shown in Fig. 5. This configuration resembles that 
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Fig. 4—“Activating the load”. 


described by Middlebrook and Mead.) Of course the 
circuit is not yet operable, since no allowance has been 
made for biasing requirements. This will be covered 
later, but first let’s reexamine the circuit from a dif- 
ferent viewpoint, which may prove useful for the 
purposes of calculation. 


An Alternative View 

As an alternative to the “activated” emitter fol- 
lower, the circuit can be considered to be a two-stage 
amplifier with 100% feedback. The basic two-stage 
amplifier (ignoring bias) is shown in Fig. 6. If nega- 
tive feedback is taken from the collector of T. to the 
emitter of T,; (see Fig. 7), the input impedance will 
rise and the output impedance will drop. The amount 
of feedback is determined by R10, Ro, and the imped- 
ance looking into the emitter of T,. If Ry is now made 
infinite and Ry is made zero, the circuit of Fig. 8 is 
obtained. The only difference between this and Fig. 5 
is that the collector load of T» is finite. For reasons 
which will be covered later, this is often desirable. 
However, the basic operation is not altered by in- 
serting R; into the circuit, and both circuits can be 
considered either as feedback amplifiers or “activated” 
emitter followers. 


Fig. 6—Basic two stage amplifier. 
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Fig. 5—Emitter follower with “activated” load. 


Biasing and Temperature Stabilization 

For the purposes of discussing biasing and tempera- 
ture stabilization, the circuit will be considered as a 
two-stage amplifier, since this approach yields the 
greatest insight. As a start, consider the feedback 
amplifier of Fig. 9. Each stage is separately biased; 
the first stage directly by a divider on the B supply, 
and the second by collector-to-base d-c feedback. The 
coupling capacitor, C2, isolates the second stage from 
the first. Feedback is taken from the collector of T2 to 
the emitter of T; through the network consisting of 
C, and Ryo. If flat frequency response is desired, C, 
is made as large as possible, and serves only to block 
direct current. But with a little imagination it can be 
seen that given a reasonably high B supply, the col- 
lector of Ts could be designed to be at the same poten- 
tial as the emitter of T,. If this is done C, becomes 
unnecessary, since there is no d-c voltage difference 
for it to block. It can then be removed without alter- 
ing the circuit. 

Unfortunately however, eliminating C, degrades 
the temperature stability of T,. For example, if the 
bleeder of T; is heavy enough to hold the base volt- 
age fixed, a rise in temperature will normally cause 
the collector voltages of both transistors to drop. But 
in addition, the drop in collector voltage of T» also 
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Fig. 7—Basic two stage amplifier with feedback. 
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Fig. 8—Basic amplifier with 100% feedback. 


lowers the emitter voltage of T,, causing T; to conduct 
even more heavily and lowering its collector voltage 
still further. In other words, the operating point of T; 
has been made dependent upon conditions with Te, but 
in the wrong direction. This is clearly an undesirable 
state of affairs, and something must be done about it if 
operation at elevated temperatures is required. 

The simplest way around the difficulty is to make 
the operating point of T, also dependent on conditions 
within T,. This can readily be done by biasing T» from 
the collector of T;, rather than from its own collector. 
There is now a continuous d-c loop encompassing both 
transistors, and the circuit looks like that of Fig. 10. 
D-C operation has now been made self-stabilizing in 
the following manner: If the temperature rises, the 
reduced collector voltage on T; supplies less bias to 
T>., tending to cut it off and raising its collector volt- 
_ age. This rise also raises the emitter voltage of T,; (the 
base voltage is assumed fixed), tending to cut T, off 
and raising its collector voltage back up. The same 
reasoning applies to a reduction of collector voltage 
in T.. The result is nothing more than closed loop d-c 
feedback, and the extent of the stabilization depends 
on the forward loop gain as well as the percentage 
feedback. 

Simplifying the circuit still further, Ry and Ryo can 


Fig. 10—Cross-coupled feedback amplifier. 
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Fig. 11—Cross-coupled amplifier with 
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Fig. 9—Two stage feedback amplifier with bias and ~ 
stabilization. 


be eliminated, increasing the feedback to 100%, and 
resulting in the circuit of Fig. 11. The amplifier now 
has unity voltage gain and is capable of supplying 
power to a reasonably low impedance load. 


Bootstrapping the Input 


There is one major drawback to the circuit of Fig. 
11, however. Its input impedance is not particularly 
high. The input impedance is largely determined by 
the bleeder resistors R, and Ro», and since these must 
be moderately low for good temperature stability, 
much of the signal is shunted through them. Since the 
purpose of this amplifier is to provide a high input 
impedance, the situation is unsatisfactory. The prob- 
lem is that the base of T; must be supplied from a bias 
source of direct current which has a moderately low 
impedance, but at the same time the a-c impedance 
seen by the base must be extremely high. A couple of 
possibilities—inductors or additional transistors— 
present themselves, but the actual solution is much 
simpler. 

Consider the biasing scheme shown in Fig. 12. There 
is a generator in series with the bias resistor which 
is hypothesized as being capable of supplying a signal 
identical to the input signal. Without worrying about 
how this generator works, it is apparent that no signal 
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100% feedback. 
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Fig. 12—Biasing for high input impedance. 
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Fig. 13—Bootstrapped emitter follower with high input 
impedance. 


Fig. 14—Unity gain amplifier with high input 
impedance. 


current will be drawn through Rp», since both ends of | 
it are always at the same a-c potential. Therefore, so 
far as the signal is concerned, R» is infinite. Yet it is | 
still a reasonable impedance to direct current. 

The essence of this idea can be incorporated into 
any emitter follower, as shown in Fig. 13. The bias 
battery E, is replaced by the voltage divider R, and 
R». The signal bucking source is supplied through 
capacitor C, from the emitter, where almost an exact 
replica of the input signal is available. Assuming a 
reasonably high value of load resistance (voltage gain — 
close to unity), the actual value of R, can effectively _ 
be multiplied many times. Indeed, if the voltage gain 
could be made exactly unity, R, would appear infinite 
when looking into the input terminals. : 

A note of caution concerning the bootstrap capaci- 
tor C,: the voltage across it reverses as the tempera- 
ture rises. Therefore an ordinary electrolytic is not 
usable in this function. Either a non-polarized capaci- 
tor or two electrolytics back-to-back are necessary. 
The voltage reversal occurs due to the voltage drop 
across R3, caused by increasing base current as the 
temperature rises. 

With the incorporation of the well-known bootstrap 
idea, a complete circuit results which maintains an 
input impedance of several megohms with good tem- 
perature stability. Its operation is described in the 
next section. 


A Complete Circuit 


Fig. 14 shows a complete and operable amplifier 
utilizing the principles already discussed. The circuit 
has been described in the Patent literature.‘®) It per- 
forms well up to a temperature of about 65°C. The 
input resistance is in the range of 1 to 4 megohms, de- 
pending on the particular transistors used, and the 
frequency response is flat to several hundred kilo- 
cycles. The voltage gain, of course, is unity. The tran- 
sistor operating points have been selected to fit a wide 
range of applications. 


Choice of Operating Parameters 


There are several factors to be considered in choos- 
ing the operating conditions of the transistors. For 
instance, since the circuit is quite likely to be used as 
the input of an amplifier, the first stage should be 
designed to ensure low noise. To this end, an operating 
current of 0.3 ma, and an emitter to collector voltage 
of 4 volts have been chosen.) While lower currents 
might result in lower noise at high source resist- 
ances,‘*) the input impedance will suffer drastically 
from the reduced beta that goes with low emitter cur- 
rent. 

The quiescent current in the second stage is dic- 
tated primarily by the load that must be fed. (For 
reasons which will be covered later, the collector-to- 
emitter voltage was chosen to be 3 volts.) If 2200 
ohms is chosen as a representative load, then a 3 volt 
peak swing requires a peak current of 1.36 ma. As a 
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safety margin, the operating current was designed 
to be 2.0 ma, allowing for variations in circuit pa- 
rameters. (For applications where it may be required, 
nearly a volt rms into 600 ohms can also be obtained 
with these operating parameters.) 


Transistors to Use 


In a circuit with as much feedback as this one (over 
30 db), high-frequency phase shift can be a serious 
problem. To avoid the pile-up of phase shift while the 
forward gain is still high, transistors with very dis- 
similar cut-off frequencies should be used. The best 
choice is to use one high-frequency and one audio- 
frequency unit, and since low input capacity is a-gen- 
erally desirable attribute, the r-f unit should be in the 
first stage. With such a combination, the capacity runs 
40 to 60 mmf. 

As to specific transistor types, the 2N139 or any 
equivalent alloy junction r-f unit, can be used for the 
first stage. A 2N109 or equivalent high-beta audio unit 
is satisfactory for T». 

If the amplifier is to be used where noise is an im- 
portant parameter, the 2N139 should be checked for 
noise factor.'*) These transistors are not intended for 
audio use, so no effort is made to control audio noise 
during their manufacture. However, based on experi- 
ence, the chances of finding quiet ones are good. 


Input Resistance 


_ The maximum input resistance of the amplifier is 

limited by a combination of three factors: the col- 
lector-to-base impedance of T,; the small signal cur- 
rent gain (f) of the transistors; and the amount of 
available feedback. While the collector-to-base im- 
pedance of T; forms the ultimate limit for this cir- 
cuit (since it is directly in shunt with the input), 
under normal conditions the other factors are of 
greater importance. 

Figures 15 and 16 show the effect of differences in 3 
on the input resistance.* As might be expected, in- 
creasing the gain increases the resistance, by a factor 
nearly proportional to the log of ($. The high end 
flattening of the curves in Fig. 15 reflects the pre- 
viously mentioned limitation of collector-to-base im- 
pedance, but this factor normally appears only with 
unusually high-gain transistors. It is usually profit- 
able, then, to choose the highest 6 units available. 


Output Impedance 
In conjunction with this amplifier the term “output 
impedance” must be carefully defined in order to have 


*In gathering the data for these figures, the current gain of 
each transistor was measured under operating conditions cor- 
responding to those in the circuit. That is, the fb of T;' was 
measured at 0.3 ma, and the B of T: was measured at 2.0 ma, 
for each transistor tested. Also, for all tests the amplifier 
worked into a 2200 ohm load. 
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Fig. 15—Input resistance vs. Current gain of T,. 
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Fig. 16—Input resistance vs. Current gain of T». 
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Fig. 17—Input resistance vs. Output load. 
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excellent 


Fig. 18—High impedance amplifier with 


temperature stability. 


any real meaning. Since both the input and output 
resistance are drastically altered by changing the per- 
centage feedback, account must be taken of the effect 
on both when assigning numerical values. Even then 
the utility of the value assigned can be questioned, be- 
cause of the specialized conditions under which it was 
obtained. With these reservations in mind, the output 
impedance was measured by the “half-voltage” 
method and found to be under 2 ohms. But loading 
the output with a 2 ohm resistor reduces the input 
impedance to 10,000 ohms and limits the maximum 
output to 3 millivolts, making the exact figure rather 
meaningless. 

Of more interest and value is knowledge of how the 
input impedance varies with output loading. This rela- 
tionship is shown in Fig. 17 for a range of load re- 
sistors from 100 to 10,000 ohms. At both the upper and 
lower extremities the input impedance approaches 
asymptotic values. The lower asymptote is formed by 
the input impedance of T; without feedback (a few 
thousand ohms), and the upper asymptote reflects the 
fact that R,, Re, and R; (a total of 3.3K) are already 
shunted across the output, setting a maximum to the 
available feedback. The upper limit could be raised by 
the simple expedient of increasing the supply voltage, 
enabling all the resistors to be increased, but if the 
load is to be a transistor or other low impedance the 
improvement will be marginal. 


The Fina! Circuit 

Although the circuit of Fig. 14 is satisfactory for 
many (if not most) applications, there are often re- 
quirements for amplifiers that will work above 65°C. 
In order to push the operation of this circuit to beyond 
65°, additional stabilization is necessary. To see how 
this can be accomplished, let us analyze the limitations 
of the circuit of Fig. 14. Considering Tj first, two ef- 
fects of increasing temperature are apparent; satura- 
tion current flowing into the base will causé the base 
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Fig. 19—Regulator action of T, on T;. 


voltage to rise from its original value; and excess col- 
lector current (due to increased base current) will 
cause the collector voltage to drop. In the second tran- 
sistor, identical effects are present. Now the presence 
of the d-c feedback loop will tend to offset these 
changes, as outlined previously, but the amount of 
compensation is directly dependent on the d-c loop 
gain. 

As is evident from Fig. 14, there is one point at 
which the d-c gain is being needlessly reduced; in the 
divider (R; and Rez) from first collector to second base. 
The only purpose of R; is to maintain a voltage differ- 
ence between these points. A battery would serve as 
well. (Better, actually, since no bypass capacitor 
would be required.) And a battery would enable any 
change in V,, to be coupled directly to the base of T2 
without attenuation or division. But floating batteries 
are unpopular devices. Fortunately, there is another 
type of device which performs the required function 
admirably, the Zener diode. 

Substituting a Zener diode for R; and Cs» results in 
the circuit of Fig. 18. The choice of a voltage rating for - 
the diode is dictated by the operating conditions of the 
transistors, being the sum of the voltages across both 
units. The voltage across T; has already been specified 
as 4 volts for noise reasons, and the voltage across Ts 
can be somewhat arbitrarily designated as 3 volts. 
A 7-volt diode is then required. (As the astute reader 
will no doubt deduce, a 7-volt diode was available, and 
the transistor voltages were tailored to fit. But it 
worked out beautifully.) 

This simple substitution of a Zener diode results in 
some unusual properties, since the circuit is now 
operable to over 100°C, although its performance at 
room temperature is identical to that of Fig. 14. 

The implications of this approach are significant 


enough to make it worthwhile to analyze the circuit in 
detail. 
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Fig. 20—Regulator action of T, on T.. 


Temperature Performance 


The circuit of Fig. 18 has the unusual property that 
each transistor can be looked upon as an “operating 
point regulator” for the other transistor. To start, con- 
sider T, as the transistor whose operating point is 
to be regulated. Simplifying, and considering only the 
d-c circuit, the circuit of Fig. 19 can be drawn. The 
elements within the dotted box can be considered as 
the regulator, and it operates in the following way. 
Any change in V,, is directly coupled to the base of Ts 
via the Zener diode. The change is amplified, inverted, 
and applied to the emitter of T; in such a way as to 
offset the original change. Since the Zener diode in- 
sists on maintaining a fixed voltage between the col- 
lector of T; and the base of Ts, and since the base of 
T, is relatively fixed, the operating point of T, stays 
remarkably stable. The only limitation is the change 
in V».* 

Turning the circuit around, consider now that Ty» is 
to have its operating point regulated. See Fig. 20. Any 
change in collector voltage is applied to the emitter of 
T,, amplified, and appears as a change in the collector 
current of T;. But the only way I,; can change (let’s 
say increase), is to rob base current from Ts, which 
pushes the operating point of T». right back to where 
it was. And this stabilization is highly effective for 
the following reason. If the base voltage of T; can be 
assumed to be fixed, then the collector voltage of Ts 
can’t vary by more than 0.1 volt. This happens because 
a small change in the base-emitter voltage of T, 
(much less than 0.1 volt) causes a large change in its 
collector current. This in turn alters the bias on 


* This type of stabilization may also be useful in conditions 
where single-stage amplifiers must operate at extremely high 
temperatures—and cost is no object. In Fig. 18, if C: and Cs 
are removed, R; shorted out, and a bypass capacitor placed 
from the emitter of T, to ground, a single-stage amplifier 
operable to over 110°C is obtained. The output would be taken 
from the collector of T, and the circuit will act like any 
common-emitter amplifier except for its unusual temperature 
range. 


SEMICONDUCTOR PRODUCTS e MARCH 1960 


14 i 
Collector Voltage, T, — 
jee 


Emitter Voltdge, T, or Collector Voltage, T2 


Voltage (Volts) 


. Emitter Voltage, Te 


pat ‘| 


30 40 


Hayes fies] 28) alla mete 


70 100 


sabre 2 slaty 
50 60 
Temperature (°C) 


Fig. 21—Voltage variation vs. Temperature. 


T» sufficiently to restore the original conditions. For 
all practical purposes, then, the collector voltage of 
T2 is dependent only on the base voltage of T;. 

As can be noted, the major assumption throughout 
this discussion has been that the base voltage of T; 
remains fixed. But this is not true, and with the circuit 
of Fig. 18 it is this variation which is the major lim- 
itation on high temperature performance. At some- 
thing over 100°C the base voltage rises to meet the 
collector voltage, and T, goes into saturation as shown 
in Fig. 21. It can be seen that the collector voltage of 
T, drops only slightly at 105°C, paralleling exactly the 
drop in emitter voltage of Ts. (The Zener diode in- 
sures that action.) But the emitter voltage of T;, fol- 
lowing its base voltage, rises fairly sharply, tending to 
throw the transistor into saturation. While various 
compensating schemes for overcoming this drawback 
can be devised, germanium transistors suffer enough 
in other ways above 100° (loss of small-signal current 
gain and poor life), that the improvement would be 
doubtful value. For operation at temperatures be- 
yond 100°, silicon is the best bet. 

The only remaining temperature limitation of the 
circuit of Fig. 18—the base current drawn by T.—can 
readily be sidestepped. Because the bias on T» is de- 
termined by the voltage across R,; (which in turn is 
caused by a combination of the current through the 
Zener diode and the base current), if the bleeder cur- 
rent is made large enough the base voltage will re- 
main essentially fixed to the highest temperature of 
interest. But the current can’t be made too high, 
because then Ry would have to be too low, reduc- 
ing the forward d-c loop gain. Therefore the cur- 
rent is made as high as necessary, but no higher. 
A value of 0.85 ma was selected. 

Just why this particular value was chosen can be 
seen from Fig. 22. At 105°C, it has been reduced al- 
most to zero. The cause of this phenomenon is as fol- 
lows. At low temperatures the base of Ts draws almost 
no current. Therefore whatever voltage appears across 
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Fig. 22—Current variation vs. Temperature. 


R, is a result of current flowing through the diode. As 
the temperature rises, and base current begins to flow, 
Ts tends to conduct more heavily. But this drops the 
collector voltage, in turn dropping the emitter voltage 
of T, and causing it to conduct more heavily. This, in 
turn, robs some of the current from the diode and 
sends it through T, instead. The compensation is such 
as to nearly perfectly offset the increase in base cur- 
rent of T, by a reduction in the current through the 
Zener diode, maintaining the base voltage constant. 

Of course, the robbed current must go somewhere, 
and the sharp increase in the collector current of T, 
in Fig. 22 is where it went. While this increase may be 
a drawback in some applications, it seems a small 
price to pay for the magnitude of stability which has 
been achieved. 


Input Impedance and Temperature 


The one remaining item of interest is the variation 
of input resistance with temperature. Fig. 23 shows 
this under the following conditions: Current gains of 
T, and To, 61 and 93, respectively; load resistor, 2200 
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Fig. 23—Input resistance vs. Temperature. 


ohms; frequency, 400 cps. The transistors were delib- 
erately chosen to represent nominal units, so the curve 
indicates what should be normal performance. The 
15% rise in impedance at 50°C is presumed to be a 
combination of the normal slight rise of beta with 
temperature, and the slightly increasing collector cur- 
rent of T, (as shown in Fig. 22) causing an increase 
in beta. 

Beyond this point the steadily dropping resistance 
reflects the loss in gain of germanium transistors at 
elevated temperatures. 


Conclusion 

A circuit has been described which should find a 
wide range of use in applications where a moderately 
high input impedance is required, such as the direct 
replacement of vacuum tubes in audio circuits. In ad- 
dition, a new approach to temperature stabilization 
was outlined which may find use in special situations 
requiring operation at extremely elevated tempera- 
tures. 
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Solid State Power Inversion Techniques 
DED. A. PAYNTER,” 


B.D. BEDFORD,* J.D. HARNDEN, JR.* 


Part 1 


Some fifteen years ago Dr. E. F. W. Alexanderson made the following observation in an 
A.LE.E. transactions paper,(1) “The term ‘electronic power converter’ needs some definition. 
The object may be to convert power from one frequency into another, or to serve as a 
commutator for operating an a-c motor at a very low speed, or for transforming high 
voltage d-c into low voltage d-c”. This is even more true today, for the terms inversion 
and conversion are often used very inconsistently and often not very accurately. When 
electronic apparatus (non-rotating equipment) is used to convert a-c power to d-c power 
it is called a rectifier. The same apparatus can be used to reconvert d-c power to a-c 
power by means of simple adjustments of its control. When so operated, it is called an 
inverter. Notice the slightly different meaning that is often associated with the term, for 
in strictly electronic parlance an inverter produces an “up” output for a “down” input, 
or a “one” signal for a “zero” input signal. 

The portion of the system in which the d-c power flows is called the d-c link. The 
combination has been termed a converter. The d-c link may be lengthened untii ultimately 
it might be termed a d-c power transmission system. Likewise, such a system may be 
termed a frequency changer if d-c transmission is not the primary objective. In addition, 
clarification is necessary as to the method of inversion and methods of commutation. It 
is the specific purpose of this article to serve first in a review capacity and secondly in a 


clarification capacity by means of certain suggested terminology. 


where power would be transmitted long distances 

by high voltage d-c, railroads would be electrified 
by locomotives carrying electronic converters from a 
high voltage d-c trolley to low voltage d-c motors, etc. 
Thirty years later this indication appears to be becom- 
ing a reality with many lower power ratings, particu- 
larly in the military, spearheading the growth. There 
have been a few power applications involving ratings 
up to 20,000 kw. Some systems, such as the installation 
at the Carnegie-Illinois Steel Corporation,‘*’ involve 
the interconnection of dissimilar power systems. In 
this case, involving two 10,000 kw equipments, a 60 
cycle and a 25 cycle system are connected so that they 
either rectify or invert depending on the system re- 
quirements. A number of systems are used in connec- 
tion with motor loads in order to improve the overall 
system performance. One such system being designed 
uses a 10,000 hp d-c motor operating from a high volt- 
age a-c supply. 

All inverters are characterized by ease of frequency 
control and frequency accuracy as compared with ro- 
tating machines. Accuracy of the order of 1% is easily 
achieved with tuned circuits, while 0.1% usually re- 
quires the use of a tuning fork and greater accuracy 
the use of a crystal. Values of 0.001% are not difficult 
to achieve. On the other hand voltage control and 
overload characteristics are sometimes more difficult. 
Recent circuit work is fast removing these problems 
with static inverters. In addition to the obvious uses 
for high accuracy power sources, inverters offer 


[ THE 1930’s a new electrical industry was foreseen 


* General Electric Co., Syracuse, N. Y. 
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quieter operation and instant starting such that within 
a half cycle the output is normal. 


General Requirements 


There is presently a rebirth of interest in the sub- 
ject of inversion which is a result of the availability of 
semiconductor devices and superior magnetic mate- 
rials. In most cases this has been caused by the mili- 
tary as a result of the need for more reliable, high 
efficiency, lighter, smaller, and quieter power invert- 
ing equipments. Of immediate concern is the field of 
d-c power sources including fuel cells, solar batteries, 
thermoelectric, and thermionic converters, in addition 
to the superior energy storage capacities of modern 
batteries. A limitless field of commercial and indus- 
trial applications is being explored and will follow 
in the next few years. Primarily, the attraction of 
many of these elements is in their static operation 
with comparatively low dissipation and high reliabil- 
ity. The switching element is the heart of the inverter. 
It is a power device gating the flow of electrical power 
from input to the output side of the inverter. The in- 
ternal dissipation, like that of a transformer, should 
be a small fraction of the power it transmits. The ratio 
of the power dissipation in this element to the power 
transmitted to the load is a measure of its effective- 
ness. The switching element is a non-linear compo- 
nent, including such devices as transistors, thyratrons, 
controlled rectifiers, vibrators, flip-flops, ete. Neces- 
sarily, the controlling device must be a series element 
which gates the current flow rather than a shunt de- 
vice if any degree of efficiency is to result. 

Recently, an attempt was made to determine the 
ideal characteristic required for the series gating de- 
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vice of an inverter. This analysis was basically an out- 
growth of an attempt to see whether or not magnetic 
components or similar passive devices could perform 
the function of inversion. It was concluded that the 
use of reactive elements only is out of the question, 
since a net average forward current and a net average 
forward voltage give a product that is positive and 
finite, whereas, for a reactive element, the product of 
the average values of current and voltage must be 
zero. This same statement is true for capacitors, as 
well. An inductance may conduct a continuous net 
average current but will not hold off that average 
voltage for a cyclic period. Hence, the product of its 
average current and voltage is zero. The same conclu- 
sion applies for a transformer or saturable reactor as 
for a linear reactor. One must conclude that a re- 
active component alone can be used neither as a recti- 
fier nor as a bistable switching element. Combining 
reactive elements will in no manner relieve these re- 
strictions. However, reactors do perform a valuable 
service function for controlling the inverter output 
or feedback when they are so utilized. 

Historically, several electromechanical devices such 
as dynamotors and vibrators (mechanical and mer- 
cury) in conjunction with transformers have been 
useful in changing d-c to a-c. A basic circuit for a 
vibrator approach is shown in Fig. 1A. These equip- 
ments are restricted to relatively low power levels up 
to a few hundred watts, and of course have weight, 
size, noise, life and “hash” problems. It is also pro- 
posed that eventually the cost of the semiconductor 
approaches will actually be less expensive than the 
methods based on the relatively fixed (if not rising) 
cost of iron and copper as contrasted to the sharply 
declining cost of silicon and germanium. Indeed in 
cases where isolation and/or impedance transforma- 
tion is required operation of the magnetic devices at 
higher than normal commercial frequencies in con- 
junction with semiconductors may be more economi- 
cal than merely the magnetic approach alone. It is also 
possible to change d-c to a-c solely by the use of recti- 
fiers, as shown in Fig. 1B. However, this approach re- 
quires the presence of an a-c voltage and is usually 
utilized in low power, signal type applications. 


Solid State Device Characteristics 


Fig. 2 shows a picture of a number of solid state 
components which have been influential in causing the 
rebirth of interest in inversion. Silicon and germanium 
rectifiers have offered new concepts of efficiency, par- 
ticularly for low voltage supplies and operating tem- 
perature possibilities. Square loop core materials hav- 
ing nearly rectangular “B-H” hysteresis loops, as 
shown in Fig. 3C offer extremely effective saturating 
component design. 

Further the abrupt wavefronts produced are ex- 
tremely rapid, approaching the fastest semiconductors 
in properly designed units. The preservation of high 
working flux densities and availability of tape thick- 
nesses from one-eighth mil up allow designing for 
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Fig. 1A—Vibrator transformer inverter circuit. 
Fig. 1B—Diode modulator circuit. 


Fig. 2—(Top) Thyratron, tape wound toroidal core; 

(Middle) 13 ampere germanium transistor; (Bottom) 

Silicon high current rectifier, 50 ampere; Silicon con- 

trolled rectifier, medium current; Silicon; rectifier; 

15 ampere silicon controlled rectifier (C35); Silicon 
unijunction transistor. 


high power levels and efficient operation at high fre- 
quency. 

The unijunction transistor is an important device 
for use in inversion, ranging from timing and driving 
applications to feedback circuits.“*) This device uses 
one bar of silicon with a tap (emitter connection) at 
the inner base region. The device possesses switching 
action between this emitter and the base “1” connec- 
tion, as shown in Fig: 3B. This switching action is very 
precise from a voltage and temperature viewpoint, 
which together with an extremely rugged mechanical 
design makes for a very reliable control device. 

It will be beyond the scope of this article to consider 
all of the types of semiconductors available, so that 
only the more important will be considered. Normal 
junction transistors are proportional control devices. 
Generally, when used in connection with power cir- 
cuits the switching mode of operation is utilized as 
shown in Fig. 3D. Notice that the device requires con- 
tinuous base drive to hold the switch in the closed or 
conducting position “C.” Commercial transistors, pri- 
marily germanium, have been designed for handling 
reasonable currents at peak voltages approaching 100 
volts. A unit rated for 13 amperes is shown in Fig. 2. 
While the frequency response of transistors is not sat- 
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Fig. 3—(A) Silicon controlled rectifier characteristics. (B) Unijunction transistor char- 
acteristic. (C) Hysteresis loops. (D) Transistor characteristics. 


isfactory for some communication applications it is 
adequate for most inversion requirements. While con- 
sidering transistors, it should be mentioned that 
“thyratron” transistors and point contact transistors 


_ have been available from time to time, offering bi- 


stable or switching properties. However, as a result of 
the superior junction designs from the standpoint of 
cost, reproducability, and stability such devices are 
virtually extinct. 

The concept of the multijunction semiconductor has 


been receiving considerable attention lately. The 


p-n-p-n structure is perhaps the oldest of these.‘ *) 


These devices offer outstanding characteristics for 


switching applications because of their near perfect 
characteristics, stability, high gain and potentially low 
manufacturing cost. Both two and three terminal de- 
vices are commercially available with multi-terminal 
units receiving much development attention. 

The commercially available silicon controlled recti- 
fier'®.”) is one of the most important varieties. The 
production C35 unit rated at 16 amperes and a devel- 
opment model higher current controlled rectifier are 
shown in Fig. 2. Notice the similarity between the 
controlled and uncontrolled rectifiers. The commercial 
availability of the silicon controlled rectifier makes 
available for the first time a practical solid state de- 
vice analogous to the familiar thyratrons. The use of 
this component circumvents some of the problems nor- 
mally associated with transistor circuits such as re- 
stricted voltages, power, and current ratings and 
allows utilization of many of the important thyratron 
circuit concepts previously mentioned. The ability to 
operate at higher switching rates allows the use of 
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new inverter concepts, to reduce the problems associ- 
ated with starting, load changes, etc., in addition to 
reducing the size of filter and energy storage circuit 
components. 

While the concept of a solid state switching device 
is not new, the availability of reproducible high power 
units is an innovation. From an application viewpoint, 
the approximately equal forward and reverse voltage 
rating is of considerable importance. The controlled 
rectifier is a silicon device utilizing some of the prop- 
erties of transistors and rectifiers. Of significance is 
the fact that the unit is capable of being produced in 
large volume at an economical price figure. 

The basic anode-cathode characteristic is considered 
in Fig. 3A. The controlled rectifier has a minimum 
power gain in excess of 150,000. On the basis of pulsed 
input, the power gain is much greater. The device has 
a deionization time which is considerably shorter than 
that occurring in thyratrons under most operating 
conditions. When conducting, the forward voltage 
drop is about 20% greater than for the equivalent sili- 
con rectifier and drastically lower than the 12 to 15 
volt drop in thyratrons. Peak voltage ratings in excess 
of 300 volts are presently available with higher volt- 
age designs paralleling advancements in normal recti- 
fied P.I.V. ratings and packaging techniques. The al- 
lowable current depends on the junction area, method 
and effectiveness of cooling and current waveform. 
Water cooling offers a medium for considerably ex- 
tending the allowable current per junction as with 
any rectifier. Available I°t data indicates that proper 
fusing can be selected. Parallel, series and multiphase 
connections offer considerable flexibility in the appli- 
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cation area. As many as eight units have been oper- 
ated in parallel without difficulty. At present the gate 
is used only to control the turn-on direction. The con- 
cept of turn-off by means of the gate is receiving at- 
tention and improvement in performance in this direc- 
tion should result. 

Not only is the controlled rectifier useful in the in- 
verter itself, but, in addition, will be used extensively 
as a static switch in power and control circuits, in 
place of more conventional relays and other forms of 
switching amplifiers. Since the C35 is basically manu- 
factured in a manner very similar to the normal sili- 
con rectifier, it should possess comparable life ex- 
pectancy. Life data to date indicates no appreciable 
parameter changes when operating at maximum stud 
temperature. The use of silicon affords the optimum 
in terms of life expectancy, eliminating early unit 
failure due to impurities and process control. 


Thyratron Techniques 

Thyratrons, ignitrons, and silicon controlled recti- 
fiers control the instant at which conduction takes 
place but thereafter the grid or gate loses control. 
Notice that the term “controlled rectifier” can apply 
to tubes as well as to silicon devices. Current in indi- 
vidual devices must be interrupted through the use of 
the external circuit which causes the current in the 
device to decrease to zero. After the current zero, the 
device regains its blocking characteristic and is thus 
pendent on its recovery characteristic and is thus 
ready to be refired at the proper time. Device recovery 
or deionization time governs the maximum operating 
frequency. The hasic mechanism for reducing the cur- 
rent is called commutation. In any case, reactive loads 
will require a certain amount of added kva for proper 
operation. There are at least five ways in which thyra- 
tron type circuits may be made to commutate with 
either static loads or counter emf loads. These may be 
conveniently named according to the methods used as 
follows: 

1. Phase commutation (Rotating machine commu- 

tation at fundamental frequency). 

2. Parallel capacitor communication. (Capacitor in 

parallel with the load.) 

3. Series capacitor commutation. 

4. Harmonic commutation (Sometimes called inter- 

phase commutation). 

3. Frequency commutation (As for example in fre- 

quency dividing circuits) . 

For inverting into a-c systems containing alter- 
nators phase and harmonic commutation are normally 
used, whereas parallel and series commutation are 
used for static loads. 

The solid state thyratron in its application to invert- 
ers has posed problems reminiscent of those arising 
in thyratron equipments in the past. Tubes were sub- 
ject to momentary random faults, “are back” and 
“shoot through” (loss of control) ete. The first two 
should not be problems with solid state units, There 
are several causes of “shoot through” including volt- 
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age transients which trigger the device at the wrong . 

time and failure of the device to fire such as in the | 

case of the ignitron. . 
Fig. 4B shows a simple rectifier circuit using the a-c 
source and a pair of phase controlled rectifiers. The 


‘corresponding range of operation is from 0 to 90 de- 


grees in Fig. 4A, while for greater angles (90 to 180 
degrees) inversion takes place. Inverting into an a-c 
system is a common application of phase commutation 
and phase commutation accounts for more inversion 
kva than other methods of commutation. The heavy 
curve in Fig. 4A is the ratio of d-c to a-c voltage. No- 
tice that for inversion in the range of 90 degrees, the 
a-c voltage will reach very large values for fixed d-c 
values theoretically approaching infinity). As the com- 
mutation angle approaches 90 degrees, the voltage 
sensitivity to load changes becomes worse since the 
ratio changes more for a given increment in commuta- 
tion angle. The thin line indicates the amount of re- 
active kva flowing through the load. Notice that when 
the power approaches zero the reactive kva is ap- 
proaching a maximum. Operation in the range from 
180 to 360 degrees is only possible for forced methods 
cf commutation, such as harmonic commutation or 
transistor type commutation where the device can 
open as well as close the circuit. Phase commutation 
is restricted to the 0 to 180 degree region. 

Phase commutation‘*) as applied to an inverter may 
be explained by referring to Fig. 5. Here it is seen that 
at the time t,, the instantaneous voltage e; of phase A 
is greater than e2 which is the instantaneous voltage 
of phase B. Therefore a current entering an inverter 
against the counter emf e; of phase A will be trans- 
ferred to phase B by the instantaneous difference in 
voltage between phases A and B. However this trans- 
fer will take place in the proper direction only on the 
rising or leading side of the voltage wave. Therefore 
phase commutation as applied to an inverter is opera- 
tive only when the current wave leads the voltage 
wave. That is, the load supplied by the inverter must 
have a leading characteristic. 

Phase commutation is analogous to commutation by 
brush shifting in direct-current machines. Commuta- 
tion is improved if the brushes are shifted in the di- 
rection of rotation (lagging) in a continuous-current 
generator (rectifier). The opposite brush shift (lead- 
ing) improves commutation in a continuous-current 
motor (inverter). 

There are two serious limitations of phase commu- 
tation as applied to an inverter: 

1. An inverter employing phase commutation can 
supply only a load of leading-current characteris- 
tics. 

2. Phase commutation in an inverter corresponds 
to a condition of unstable equilibrium. Any delay 
in the commutation of current, or any abnormal 
increase in the current, results in an insufficient 
commutating voltage and a failure to commutate. 
Phase commutation as applied to a rectifier has 
the opposite characteristic because any delay in 
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Fig. 4—(A) Reactive kva and voltage ratio as a function of angle. (B) Phase con- 
trolled rectifier circuit. (C) Anode-cathode voltage for various commutating angles. 
(D) Parallel inverter-series inverter circuit. 


commutation or abnormal rise in the current re- 
sults in an increased commutating voltage and 
therefore in a stable condition. 

With phase commutation all common power recti- 
fier circuits can be used for inversion. 

An example of a phase commutator circuit is shown 
in Fig. 7B. A number of installations of this type have 
_ been made, involving d-c transmission, coupling of 
_ dissimilar power systems together, etc., as indicated 
in the bibliography. 
_ The parallel inverter shown in Fig. 4D is perhaps 

the most common thyratron inverter circuit. Parallel 
capacitor commutation is provided by Cy with SW. 
closed and SW, closed. Capacitor C3 on the secondary 
of the output transformer can be used instead of Cs 
to provide parallel commutation, but at a different 
impedance level, depending on the turns ratio of the 
transformer. The transfer of current will be somewhat 
longer because of the leakage reactance of the trans- 
former, although some slowing up of the discharge of 
Cz may also be desirable. The transfer of current must 
be considered as well as the ionization time to insure 
sufficient margin of commutation angle as shown in 
Fig. 4A. 

Referring to the parallel case of “4D,” it will be 


€| 
Fig. 5—Phase commutation. 
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noticed that a series inductance is used to provide con- 
tinuous current during commutation. The amount of 
inductance is somewhat of a compromise. It should be 
small to aid starting, but large enough to reduce 
current spikes during commutation. With a fixed re- 
sistor load an increase in commutation angle will re- 
sult for increases in the commutation capacitance. In 
the case of non-resistive loads, the capacitor must 
match the power factor of the load while any excess 
amount will result in a larger commutating angle. 
Excess amounts of commutating capacitance mean a 
larger commutating angle and an increase in the a-c 
voltage, causing it to rise and vary widely with load. 
Saturation of magnetic components also becomes a 
problem. The control for the firing of the thyratrons 
is not shown. It may be derived from an external 
source or self-excited. This is also true of the other 
circuits shown in Fig. 4D with SW2 is open and SW, 
open, the circuit functions by series capacitor com- 
mutation® furnished by C,;. Fig. 6C shows a series 
capacitor commutated inverter under one mode of 
operation but by insertion of the dotted capacitor be- 
comes parallel capacitor commutated with a stiff 
capacitor divider. It is clearly evident that the method 
of commutation must be clearly stated in order to 
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Fig. 6—Series inverter circuits. — 
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avoid confusion arising from the circuits physical ar- 
rangement. 

The series capacitor commutated circuits shown in 
Fig. 6A and 6B have essentially the same wave forms. 
These approaches are capable of high efficiency even 
though they only incorporate a single controlled rec- 
tifier. For proper commutation the circuit containing 
the controlled rectifier must be a fast time constant 
circuit compared with the other circuit. This causes 
the load voltage to contain relatively large even har- 
monics. 

Perhaps some comparison of series and parallel 
commutation will be helpful. In the case of series ca- 
pacitor commutation there will be an excessive com- 
mutating angle and kva for low resistive loads, while 
for high resistive loads there will be insufficient com- 
mutating voltage. These conditions are just reversed 
in the parallel capacitor commutation circuit. In gen- 
eral the choice between the two approaches will de- 
pend on the wave form desired and the load require- 


ments. It is possible to obtain a fairly square wave 
with resistive loads, approaching the saturating core 
transistor circuit in the parallel case with very little 
commutating kva. Fig. 4C shows the anode-cathode 
waveforms for these values of commutating angle. 
Notice the change in wave shape as a function of 
angle. The actual load voltage can be predicted from 
this plot. When the commutating capacitor is located 
directly across the controlled rectifiers the magnitude 
of the negative ordinate should equal the positive 
value at the end of the blocking period. When the 
capacitor is located elsewhere this is not exactly true. 
For inductive loads, the commutating kva require- 
ments will be increased and the waveform will im- 
prove as the load and capacitor oscillate up. In the 
series capacitor commutated circuit, one is forced to ~ 
operate with sufficient kva so that relatively good 
wave shape results, and it is not easy to get a square 
wave of output. 


[To be continued] 
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Hypersensitive Voltage Variable Capacitor* 


HENRY D. FRAZIER** 


A voltage-variable capacitor, referred to as “hypersensitive” is described. This type 
of device is new in that it is one-dimensional, with hypersensitivity obtained by the 
use of high-gradient, diffused, impurity distributions. It is also new in that very high 
Q values are possible with the method of fabrication. The Q values are highest at 
the lowest capacitance value. Since the Q values are high, while a wide range of 
capacitance values is obtainable, circuit engineers will find interest in their potential 
use in parametric amplifiers, afc-fm electronic tuning, and dielectric amplifiers. The 
fabrication methods involving three diffusions and micron-thick layers are described. 


become important, both as passive capacitors for 
electronic tuning, afc, and modulator applica- 
tions and as the active element in diode parametric 


\ IE OLTAGE-VARIABLE semiconductor capacitors have 
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amplifiers and harmonic generators. The performance 
of such diodes is dependent on the voltage sensitivity 
of the capacitance and the Q of the capacitor. Simple 
p-n junction capacitors, in general use, have a capaci- 
tance inversely proportional to either the cube root or 
the square root of the applied voltage. 

The graded junction requires a 1000-1 bias voltage 
change to produce a ten-to-one change in capacitance. 
The abrupt junction requires a 100-to-1 voltage ratio 
for this capacitance change. Higher sensitivities (and 
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Fig. 1—Back contact diffusion. 


higher Q’s) may extend the application of diode 
capacitors to further uses in such systems as para- 
metric amplifiers, electronic tuning, fm modulation, 
and afe circuitry. 

A capacitor diode is described here which exhibits 
a more rapid change of capacitance with voltage; the 
capacitance is approximately inversely proportional 
to the first power of the applied voltage. The develop- 
mental target was a capacitor with a ten-to-one 
capacitance change with a voltage swing from one to 
ten volts and a Q of at least 50 at 50 me. 

In order to achieve this target it was necessary to 
establish (1) an active region to produce the hyper- 
sensitive characteristic; the active region was chosen 
to be a reverse-gradient n+ region, thin enough to be 
completely swept by the depletion region at a voltage 
less than would cause breakdown; (2), a p region thin 
enough to provide an abrupt junction; and (3), a low 
resistance path to the active region from both direc- 
tions. 

These devices were made by diffusion techniques 
entirely, as far as the development of the capacitance 
properties is concerned. The following is a descrip- 
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NET IMPURITY 
CONCENTRATION 


Fig. 3—Reverse gradient diffusion. 
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Fig. 2—One half wafer. 


tion of the fabrication method. The starting material 
was an n-type wafer, diagramatically shown in Fig. 1, 
of silicon of 10-15 ohm-cm resistivity into which a 
deep n+ diffusion has been established. The right- 
hand scale of this figure represents the impurity con- 
centration in the silicon in atoms/cc. The horizontal 
scale represents the depths of the concentration levels 
within the silicon wafer. The scales must of necessity 
be distorted to allow for a modified logarithmic ex- 
hibition from zero to 107° in two directions, in order 
to display a two micron thick layer as well as a 112 
micron layer. In the next few figures, the right-hand 
side of the representation is the same. The 112 micron 
diffused layer is only for the purpose of reducing the 
resistance in series with the capacitor, while serving 
as a support for the very thin layers. Many similari- 
ties between this structure and a diffused transistor 
will be noted. 

Since the starting n+ diffusion penetrates both 
faces of the wafer, one face must be removed to ex- 
pose a proper thickness layer of the original material. 
Fig. 2, represents the wafer after one-half has been 
removed and the resultant face lapped and polished. 


OUTDIFFUSE 
SLUMP 


Fig. 4—Depletion region. 
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Fig. 5—Device characteristics. 


Note that the left-hand of the distance scale is now 
expanded to allow a detailed view of the thin layers. 

Next, another n+ diffused layer is established in 
this front-polished face so that the total depth is about 
three microns. This is shown with a scale expansion 
that makes the three micron layer about the size of 
the 112 micron layer of the back contact in Fig. 3. This 
thin n+ layer will provide the reverse gradient over 
which the depletion layer will sweep upon application 
of reverse bias, and is therefore referred to as the 
“hypersensitive n--” layer. 

The depletion region is established so as to accom- 
plish this as shown in Fig. 4. A p-+-type region is 
formed by diffusion into the polished “front” face 
while the “back” is masked. While this p+ layer is 
being diffused, the hypersensitive n+ layer outdif- 
fuses and slumps, i.e., its maximum concentration 
decreases. The original doping distribution is shown 
as the upper dotted line; the resultant n+ doping 
concentration is shown as the lower dotted curve; 
and the resultant net concentration is shown as a solid 
line passing through zero at the junction point. A 
depletion region exists on either side of the junction 
due to the built-in contact potential. Since the p+ 
layer is very heavily doped, the depletion region 
develops almost entirely in the hypersensitive n-++ 
region, and since the resistivity is rapidly increasing 
as the region is swept, the depletion region expands 
much more rapidly than would be the case if the 
resistivity were constant. When the depletion region 
finishes sweeping the hypersensitive region at high 
bias, the device reverts to the V~/? capacitance rela- 
tion until breakdown occurs. The exact relationship 
of capacitance to voltage depends upon the distribu- 
tion of the impurity atoms in the hypersensitive region 
and theoretically can be made as. steep as desired, 
within the limits of diffusion distribution charac- 
teristics. 

Fig. 5 shows the characteristics obtained for devices 
made in this way. By way of comparison, a V~1/3 line, 
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Fig. 6—Physical model. 


a V-!/? line, and the hypersensitive line are shown. It 
is easy to see the drastically different sensitivity ob- 
tained. The region in which the sensitivity reverts to 
V-1/2 is shown as the lower end of the curve, and the 
capacitance goes through a ten-to-one change in eight 
volts. The Q characteristic of this particular unit was 
well explored, and the other line shows how Q varies 
as the bias and capacitance change, from a Q of three 
at high capacitance to above 200 at the lowest capaci- 
tance values. This unit was by no means optimized, 
since thinner base regions are possible. The base 
region of this diode was about 33 microns thick. 

The Q variation can best be understood by study 
of Fig. 6 in which are shown the various series re- 
sistances involved. It can be seen here that Ry cannot 
be avoided; this is the resistance of that portion of 
the hypersensitive region which is not in the deple- 
tion layer at a given voltage. The value of Ry can be 
varied, depending on the bias voltage and the steep- 
ness of the capacitance response to voltage. The para- 
sitic resistances of the unused base region, the con- 
tacts, and the leads can be reduced by good design. 

The absolute capacitance can be varied by choice 
of the size of the dice. The Q relationship is: 


where f= frequency in cycles/sec, 
R = the total resistance of the device 
in series with the capacitor, 


and C= the capacitance in farads. 


The Q varies as 1/RC; as dice size is decreased, the 
resistance goes up and the capacitance goes down, so 
that Q remains the same for different dice sizes. 

Fig. 7 is a diagramatic picture of the finished die, 
ready for mounting and encapsulation, with a metal- 
lized surface on the p-diffused layer. Fig. 8 is a pic- 
ture of the finished hypersensitive unit showing the 
relative size and shape of the units that may have 
capacitance values as high as 500 uuf and as low as 
one wwf in the same size package. 
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Fig. 7—Hypersensitive capacitor. 


Fig. 9 is a plot of a special diode type which shows 
the versatility of the method. This unit has a long 
section which has 18 wwf change of capacitance per 
volt applied bias, in a linear relationship to the applied 
voltage, and goes through a five-to-one change in five 
volts. 

A method of achieving high voltage sensitivity was 
described earlier in a paper by C. J. Spector of Bell 
Telephone Laboratories in May, 1959 entitled “Fast 
Variable Junction Capacitors.” This method employed 
a mechanically formed structure of silicon, causing 
the junction area to decrease with increasing bias 
voltage. 

In conducting development work on abrupt junc- 
tion alloy capacitors prior to the hypersensitive work, 
a method was discovered that made possible the fabri- 
cation of large quantities of V-/? units having Q 
values over 200 at 50 mec and capacitance values of 
10 to 47 upf (all values quoted at —4 volt bias). While 
these are manufacturable, the hypersensitive units 
are not yet beyond the laboratory stage. The fabrica- 
tion of these diffused structures has been demon- 
strated, but further process engineering is needed 
before a high degree of control of the characteristics 
can be achieved. 


Fig. 8—Finished hypersensitive unit. 
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Fig. 9—Capacity vs. Volts for unit no. 749. 


Junction Transistor Measurements And 


Practical Standards 


BERNARD REICH* 


WILLIAM ORLOFF™* 


Part 1 


Measurements and circuits required for the specification and evaluation of junction tran- 
sistors have been set forth. The report covers the basic measurements required on most 
transistors, and specific techniques and circuits for vhf and uhf devices. 


priate for an editorial than for a technical dis- 
cussion of methods of evaluation currently being 
applied to transistors. Over the past ten years, the 


Te TITLE OF THIS ARTICLE would be .nore appro- 
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growth of standards in terms of applicable measure- 
ments, specifications, and packaging has not nearly 
kept up with a rapidly moving “state of the art.” Asa 
result, many individual specifications are generated 
which are redundant, not in description, but in device 
application. This is clearly indicated by issuance 
of many individual specifications for devices which 
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perform identical functions. However, this situation 
is understandable in the light of changing device proc- 
esses resulting in differences in manufacturer speci- 
fication and requirements imposed by the user to meet 
specific circuit needs in an infant stage of many devel- 
opments. 

At the U. S. Army Signal Research and Develop- 
ment Laboratory, basic specifications necessary for the 
evaluation and characterization of semiconductor de- 
vices are developed. These specifications cover trans- 
mission and switching devices of both germanium and 
silicon material. Based on increased experience in 
specification preparation and a greater familiarization 
of device application, specifications are constantly be- 
ing revised to present the most information in terms 
of the fewest number of tests. As yet, the industry has 
not been able to set down stereotyped conditions for 
the specification and measurement of transistor pa- 
rameters for reasons previously mentioned. However, 
the circuit designer in order to understand the device 
he examines, must be familiar with current practices 
in the transistor industry. As a result of the ex- 
perience gathered over recent years, this article is 
presented to serve as an interim status report on 
transistor measurements and practice standards, and 
to provide supplementary information from various 
sources in the industry. It is hoped that the article 
will also serve as a guide to the many engineers con- 
stantly preparing specifications on transistors. 


Available Background Information 


Background information on semiconductor stand- 
ards and test methods exists in documents published 
by the military, the industry, and the IRE. A basic 
military document covering transistor tests and stand- 
ards was MIL-T-19500A. Recently MIL-S-19500B has 
been issued which covers both transistors and diodes, 
and also reflects changes in testing and standard pro- 
cedures for semiconductor device testing which have 
occurred since the issuance of MIL-T-19500A. These 
are commonly referred to as “basic sections.” A basic 
document for transistor measurement was published 
by the IRE in the November 1956 issue of the Pro- 
ceedings.) A subsequent article for testing point con- 
tact transistors in large-signal applications was printed 
in the May 1958 issue of the Proceedings.) At this 
point, measurement methods of junction transistor 
parameters will be discussed. It is not the intent of 
this article to develop analytical expressions covering 
the behavior of these parameters. References will be 
given to any analytical expression used in the course 
of the ensuing discussion. 


Basic Transistor Measurements 


Certain basic measurements are made on all tran- 
sistors regardless of end application. These measured 
parameters are not always applicable to an end appli- 
cation, but it is sometimes necessary to specify char- 
acteristics to insure the purchase of a quality product. 
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In the early days of junction transistor development, | 
the basis for specification of devices were the small- 
signal hybrid parameters measured at 270 cycles/sec, 
subsequently 1000 cycles/sec. In the absence of di- 
rect information, this type of characterization suf- 
ficed for most specification needs. On the basis of 
specifications prepared within the past year, most of 
the “h” parameters in their audio frequency form are 
no longer applicable to all transistor specifications. 

There are measurements which serve as the corner- 
stones for most transistor specifications. Some dis- 
cussion and basic measurement circuitry will be 
presented on these fundamental parameters, and an 
indication as to their service in the specification will 
be shown. Of great importance to the device user is 
the V, — I, transistor characteristic in the “on,” “off,” 
and “transition” regions. These characteristics are of 
great importance not only to the designer of audio 
amplifiers and switching circuits, but also to designers 
of large-signal vhf and uhf amplifiers and oscil- 
lators. There are two methods for accomplishing this 
end; one is to display the characteristic curves 
on an oscilloscope or chart recorder (the former being 
more acceptable) ; the other is to make point-by-point 
measurements. While both methods are used through- 
out the industry, most specifications feature points of 
measurement on various portions of the characteristic 
curves. 


Diode Characteristics 


One of the most important characteristics of the 
transistor is the status of the emitter and collector 
diodes. Associated with the status of these diodes are 
measurements of the cut-off currents or breakdown 
voltages. It is common to find in transistor military 
specifications many measurements on the status 
of both diodes. These tests are listed below with a 
brief description of their significance. 

(a) Collector or emitter cut-off currents, or col- 
lector to base, or emitter to base breakdown voltage. 

This test determines the condition of the collector 
to base or emitter to base diode and is in no way de- 
pendent on transistor action. When the breakdown 
voltage is measured it is commonly referred to as 
avalanche breakdown. As is common in transistor 
specifications either the collector or emitter cut-off 
currents are measured or the voltage under a specified 
current condition is measured. Depending on the type 
of the device being tested the range of current used 
varies from 100 ua to several milliamperes. 

(b) Collector to emitter breakdown voltage or 
collector current. 

This test may be made under a variety of conditions 
and usually brackets the voltage limits of the collector 
to emitter diode under operating conditions. The dif- 
ferent conditions are outlined below. eae te 

(1) Base open 

When. the base. of the transistor is open circuited 
and a voltage is applied between the collector and 
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emitter diode the collector current flowing is 
I, = (1+ hye) Iozo where hye is the common emitter 
current gain, and Igo is the leakage current of the col- 
lector-base diode. This value of Ig is normally speci- 
fied on military specifications under a given voltage 
condition. 

(2) Base Shorted 

When the base of the transistor is shorted and volt- 
age applied between the collector and emitter diode 
the problem encountered is the voltage developed 
across the extrinsic base resistance R;’. As the volt- 
age is increased and the leakage current increases the 
voltage developed across R,’ increases and is in a 
direction as to turn on the emitter base diode. This 
test therefore is primarily a measure of this resistance 
of the device. 

Other conditions may be imposed on the base to 
emitter-diode of the transistor, i.e., back biased emit- 
ter-base diode or a finite resistance placed in series 
with the emitter base diode. However, because of 
rather limited use, these are not discussed. 

A dilemma arises when we consider the conditions 
we are faced with in the measurement of the diode 
breakdown voltages. A typical method of specifying 
the manner of measurement is to indicate the value 
of reverse current supplied to a test transistor and 
measure the resultant diode voltage. When this is 
done, the voltage applied to good transistors inevi- 
tably exceeds the maximum voltage rating. The only 
way around the problem is to measure a collector cut- 
off current at a specified voltage which can arbitrarily 
be called a breakdown voltage. 

Figs. 1A and 1B are the circuits commonly used to 
measure the diode cut-off currents or breakdown volt- 
ages. In Fig. 1A a constant voltage source is used and 
the current measured. In Fig. 1B a constant current 
source is used and the diode voltage measured. Al- 
though the test shown in Fig. 1B is not recommended 
the circuit diagram is illustrated for informational 
purposes. 

Another measurement of importance to the tran- 
sistor used for large-signal applications, is the satura- 
tion characteristic of the device. This characteristic, 
along with the diode characteristic, brackets the active 
region of the transistor. This is shown in Fig. 2 where 
the three regions of the transistor output characteris- 
tics are shown. The importance of the saturation re- 
gion is evident since the voltage drop across the tran- 
sistor in saturation determines the power dissipated 
in the device in this condition as follows: 


(1) 


Vor sat X Ne = Passa sat. 


Fig. 3 is the basic circuit used to measure this param- 
eter and is accomplished by inserting a base current, 
Ip, in the base of the transistor such that the circuit 
gain is less than the normal d-c gain of the device. 

Under this condition and with a constant collector 
current the voltage between the collector to emitter 
diode is measured. Also included in the circuit of 
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= VOLTAGE 
+ SOURCE 


VARIABLE 
CURRENT 
SOURCE 


Fig. 1A (above)—Basic circuit used for measurement of 
the diode cut-off characteristics Igpo, Ingo; Toxo, Shown 
here is the measurement of Iogo.- 


Fig. 1B (below)—Basic circuit used for the measurement 
of the diode breakdown veltages BV,;, BVrz, BVon, 
shown here is the measurement of BVo,. 


REGION IIT 
SATURATION 
VOLTAGE 


REGION II REGION Z 
ACTIVE REGION f DIODE 
LEAKAGE 


CURRENT 


SSW 


VES ee 


Fig. 2—Saturation, active and cut-off regions of the 
transistor. 


[iP (Ie) 
Sly 
CONSTANT 
= ie (v) CURRENT 
i SOURCE 


Fig. 3—Measurement of saturation voltage and input 
voltage, 


Fig. 3 is provision for measuring the input voltage of 
the transistor when in saturation. This is a useful 
parameter in switching specifications. The above 
measurements essentially bracket the active region of 
the transistors’ output characteristic. It is now neces- 
sary to indicate the measurements made in the active 
region of the device (Region II, Fig. 2). This measure- 
ment is the d-c large-signal current gain, h,,, made at 
a low collector voltage, yet a high enough voltage to 
overcome the saturation voltage of the transistor. At 
the same time this measurement is made, the input 
voltage is monitored yielding a measure of the in- 
put impedance, Vzr/Ip, and the transconductance, 
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Fig. 4—Measurement of hy, and Vp. 


Ip/V zn. Fig. 4 is the basic circuit used in the measure- 
ment of these parameters. 

The description of the above measurements of basic 
transistor parameters completes the discussion on 
general measurements. In what specification are these 
measurements found? If the applications of tran- 
sistors are broken into the groupings shown in Table I, 
then the applicability of these basic measurements to 
each function is indicated. 

It is readily seen from Table I, that these param- 
eters are quite universal and serve as the foundation 
of transistor specifications. 


Power Dissipation 


Another parameter which is of importance to all 
applications of transistors is the power handling capa- 
bility which is usually obtained from the measure- 
ment of the thermal resistance 6, also commonly called 
the “K” factor. The measurement of thermal resistance 
is made by utilizing one of the temperature sensitive 
parameters of the transistor as a thermometer. The 
details of this measurement can be obtained by re- 
ferring to the two references cited below. 4) The 
power dissipation of the transistor can be calculated 
using the expression. 


T, -—T 
Deas = ewe (2) 
in 
where 7; = junction temperature 
T, = ambient 
0;, = thermal resistance between the junction 


and ambient. 


From this expression it can be seen that for maximum 
dissipation the difference T; — T,, should be large and 
Qja small. Ideally the value of T; can be determined 
by running a series of storage tests at various tem- 
peratures and choosing one temperature which yields 
the best life results. In practice, possibly for lack of 
better information, this concept is not universally ac- 
cepted and operating life tests govern the maximum 
power dissipation. Further discussions on the subject 
of life testing will be presented in a subsequent por- 
tion of this report. 

In dealing with power transistors it is often conven- 
ient to specify power dissipation in terms of the case 
temperature rather than the ambient. In this case, 


Dae = 


oats (2 
OF. : ) 
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TABLE I 
Application Of Basic Measurements To Transistor 


Specifications 
ceil 2 we alee ir 018, Ee ese eee 
Diode |Breakdown Large 
Cut Off Voltage Signal 
' - Measure- | Measure- |Saturation| Current 
Application ments ments Voltage | Gain 
General Purpose & x XS xX x 
Audio Transistors 
Switching Transistors xX x x x 
Small Signal HF, VHF, x xX x 
& UHF Transistors 
Large Signal HF, VHF, », « x », ¢ x 
and UHF Transistors 


T, is the case temperature and 6,, is the thermal resist- 
ance between the junction and case. 

In expressions (2) and (3) §j-, $j are used. These 
are related as follows: 


Of a. OF. Te (4) 


where 6j« is the thermal resistance between the junc- 
tion and ambient 6;, is the thermal resistance between 
junction and case 6, is the thermal resistance between 
case and ambient. 

Let us examine maximum power dissipation in the 
light of Equations (2) and (3) with an example. The 
following parameters of the transistor are given: 


T= IDSC 
Oe = 100°C/W 
Oya = 250°C/W 


In addition we have the option of either operating at 
25°C ambient temperature or clamping the case of the 
device to a large dissipator so that it remains at 25°C. 
Using Equations (2) and (3) we find the power dis- 
sipation to be 


py) Eee OG eae a ee 
O50 250°C /W 
fede ey quem 1-2) 

Pais = ie Ls = We 2 ze © — 0.75W 
0; 100°C 


Using one transistor, two values of power dissipa- 
tion are calculated, .75 watts or .3 watts, merely by 
choice of the method of mounting. Here lies a problem 
facing the industry whereby some manufacturers 
favor the more optimistic figure while others use the 
more conservative approach. In between these two. 
numbers lies a whole host of power dissipation figures 
dependent on the type of dissipator used. In terms of 
the device, which we are attempting to specify only 
the thermal resistance between junction and case is 
important, the case to air thermal resistance is a func- 
tion of both the case dimension and of the dissipator 
used. 
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At this point we digress from the d-c measurements 
on the transistor and consider other parameters which 
govern the behavior of the devices in specific circuit 
applications. These include such parameters as the 
collector capacitance, the critical “h” parameters 
measured for higher frequency circuit performance 
and alpha cut-off frequency. 


Alpha Cut Off Frequency And fp 


The alpha cut-off frequency is defined as the fre- 
quency at which the magnitude of the current gain 
falls 3 db from its low frequency value. Commercial 
equipment has been developed which essentially dis- 
plays the value of alpha as a function of frequency, 
yielding the value of the alpha cut-off frequency. In 
addition other less elaborate equipment can be used in 
measuring this parameter as illustrated in Fig. 5. In 
Fig. 5, Rl is much greater than hj, the short circuit 
transistor input impedance, to insure a constant cur- 
rent input, i,. The output current, i,, can be measured 
as the voltage drop across R2. In this manner a = 
i-/i- is measured as a function of frequency and when 
alpha falls to .707 a, the frequency is the alpha cut-off 
frequency. The measurement of this parameter, either 
by the display technique or the point by point tech- 
nique is not practical above 50 megacycles/second. 

With the advent of higher frequency transistors 
such as the drift, mesa and madt types, it has become 
necessary to adopt other techniques to measure the 
frequency response of transistors. To understand this 
new technique we examine Fig. 6 which is a plot of 
the variation of common emitter current gain, hy, as 
a function of frequency. The point at which the gain 
falls to zero decibels is designated as the f7 frequency. 
The characteristic of this curve is the 6 decibels/ 
octave fall-off with frequency culminating in the fr 
frequency. By virtue of the 6 db/octave fall-off it can 
be shown that 


hp Xf=Sr (5) 


where h,, is the short circuit current gain measured 
on the 6 db/octave portion of the curve and f is the 
‘frequency of measurement. This technique neces- 
sitates the measurement of short circuit current gain 
at the proper frequency. Fig. 7 is the circuit used to 
measure this parameter. 


BOONTON 
MOD-9I-B 
RF VTVM 


Fig. 5—Measurement of alpha cut-off frequency, all 
resistors non-reactive high frequency type, output level 
is set at 3 millivolts rms. 


6db/OCTAVE SLOPE 
Poster POINT 
MEASUREMENT 


f FREQUENCY 


100 1000 
f MC/SEC 
Fig. 6—The variation of small signal current gain with 
frequency. 
\ SHIELD 


1000 pf 


Fig. 7—Measurement of small signal short circuit cur- 
rent gain, h,,, all resistors h.f. non-reactive type. 


(To be continued) 
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Applications Engineering Digests 


APPLICATIONS ENGINEERING DIGEST NO. 30 


Applying Thermal Characteristics of 
Silicon Diodes; Hoffman Electronics 
Corp., Evanston, Illinois. 


Introduction 


Most of the electrical characteristics 
of semiconductor devices are tempera- 
ture sensitive. While the variation of 
device characteristics with temperature 
is usually considered undesirable it 
enables one to measure in a very 
simple way such device properties as 
thermal resistance and thermal time 
constants. These “application notes” will 
discuss the origin of the temperature 
variation of device characteristics. A 
subsequent article will discuss how 
certain temperature dependent charac- 
teristics can be combined to produce a 
unit whose properties are relatively 
temperature insensitive, and typical ap- 
plications using the thermal character- 
istics of silicon diodes. 


Forward Biased Diodes as 
Low Voltage Reference Devices 


The forward characteristic of a silicon 
diode has a negative temperature co- 
efficient (ie., the forward voltage for 
a given forward current decreases with 
increasing temperature) for sufficiently 
low forward currents. As the forward 
current is increased the temperature co- 
efficient decreases in magnitude to zero 
and then changes sign and increases. 
This behavior is due to the positive 
temperature coefficient of resistivity of 
silicon over the range of temperature 
usually encountered in practical appli- 
cations. The forward current at which 
the temperature coefficient vanishes is 
a function of the resistivity of the base 
silicon and the geometrical configura- 
tion of the diode. At this current the 
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Fig. 30.1—Forward voltage drop corresponding to the cross-over current 
(V..) as a function of the nominal Zener breakdown voltage for some 
Hoffman IN200 series diodes. 


forward characteristic curves corre- 
sponding to different temperatures cross 
one another and the forward voltage 
drop corresponding to this cross over 
current is relatively insensitive to tem- 
perature. The forward voltage drop at 
the cross over current is plotted as a 
function of the nominal “zener” voltage 
for the Hoffman IN200 series of diodes 
in Fig. 30.1. Fig. 30.2 shows the cross 
over current as a function of “zener” 
voltage for the same series of diodes. 
As may be seen from Fig. 30.1 the volt- 
age drop corresponding to the cross 
over current is of the order of one volt. 
Therefore, to achieve high reference 
voltages one must put two or more 
diodes in series. The voltage obtained 
from such series combinations of 
forward biased diodes overlaps the 
range of zener voltages obtainable for 


silicon aluminum alloy diodes. Since > 
the forward impedance of the diodes 
would be additive, one might expect the 
series string to be a poorer regulator 
than a single reverse biased diode of 
the same voltage. 


Stability of Reference Units 


The stability of the characteristics of 
these units with time has been ex- 
haustively treated elsewhere. However, 
since their use in certain critical con- 
trol applications depends on this stabil- 
ity, typical output voltage versus time 
curves are shown in Fig 30.3. The re- 
sults are normalized in such a way that 
the positive and negative changes in 
output voltage from the initial 25°C 
value are plotted as a function of time 
under various operating conditions. 
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Fig. 30.2——Cross-over current for the Hoffman IN200 series of 
alloy diodes as a function of their nominal Zener breakdown 


voltage. 
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Fig. 30.3—Change in nominal output voltage versus time for 
some IN430 diodes under various operating conditions. 


SEMICONDUCTOR PRODUCTS e MARCH 1960. 


APPLICATIONS ENGINEERING DIGEST NO. 31 


- Transistors as Switches; Texas Instru- 


= 


ments Incorporated, Dallas, Texas. 


Importance of Propagation Time 


The importance of propagation time 
is illustrated by Fig. 31.1, where four 
identical transistor switches are placed 
in cascade. 

Stages 1 and 3 are off; stages 2 and 4 
are on. If the input changes stage 1 to 
on, the other stages likewise are 
changed. The output from 4 will not. 
occur until a time equal to 2 Tr after 
the input is applied to stage 1. If the 
output of stage 4 were to be coin- 
cident in a gate with the input to stage 
1, the gate must be held on to accom- 
modate the large time difference of 
2 Tr. Thus, the speed at which informa- 
tion can be propagated is limited by 
Tr. Tr for present saturated transistors 
is usually 100-150 musec. 

To improve Tr, if all stages were 
non-saturated stages, transistors with 
a higher frequency response could be 
substituted. This would cause both t, 
and t; to decrease and Tr accordingly. 
However, if all the stages are saturated 
switches, it is not sufficient to merely 
substitute transistors with higher fre- 
quency response. Even though t, and t; 
would be reduced, Tr may not be ap- 
preciably reduced because the storage 
time is still quite long. High-frequency 
transistors must also have lower stor- 
age time to significantly reduce Tr. A 
good figure of merit to compare satu- 
rated switching transistors is the Tr 
obtained when the transistor is used in 
a given saturating circuit where Is1, Ine, 
and Ic are set values in the circuit. 
(Note that Vsz,orr, should also be con- 
stant to keep ti variations at a mini- 
mum). 


O OUTPUT (Responds 2 Ty After Input) 


Fig. 31.1—Propagation time. 


Importance of the Type of Drive 


If a step of voltage is applied to the 
base-emitter input (Fig. 31.2) from a 
generator with source resistance R,, v1 
is present immediately (restricted only 
by r’» and R,) and i. responds quickly. 
The amount of overdrive is determined 
by v:. If the same type of voltage drive 
is now used to turn-off the transistor, 
the minority carriers stored in the base 
are swept out quickly and i. again re- 
sponds quickly. The fastest response is 
obtained from a switching transistor by 


Fig. 31.2—Common emitter configura- 
tion. 


Fig. 31.3—Saturated switching circuit. 


using low-impedance  voltage-drive 
generators. 
The saturated switching circuit 


shown in Fig. 31.3 has a “speed-up” 
capacitor across the large resistor in 
series with the base. The circuit applies 
constant current drive to the transistor 
during the steady-state operation, but 
during the switching transient, the ca- 
pacitor is essentially a low impedance 
and the drive is really a voltage drive. 
The speed-up capacitor reduces the 
total switching time considerably. 
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APPLICATIONS ENGINEERING DIGEST NO. 32 


Transistor Inverters; Varo Mfg. Co. Inc., 
Garland, Texas. 


Figure 32.1 illustrates an inverter out- 
put stage in which transistors are em- 
ployed as switches. Fig. 32.2 shows the 
same circuit with controlled rectifiers 
used as switches. 

The choice between the two different 
types will depend upon the application. 


naine 


Fig. 32.1.—Simplified output stage par- 
allel transistor inverter. 


SEMICONDUCTOR PRODUCTS 


Since the transistor requires that the 
driving source be of the square wave 
type in order to hold the transistor 
“on”, then more average drive power 
is needed. The fact that the transistor 
will turn “off” when the driving source 
goes to zero, however, gives the tran- 
sistor a distinct advantage in that the 
output voltage may be controlled by 
varying the conduction angle (on time) 
of the transistor. A simplified block 


Fig. 32.2—Simplified output stage par- 
allel diode inverter. 
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diagram of a precise-frequency switcn- 
ing-transistor inverter with output 
voltage regulation is illustrated in 
Fig. 32.3. 

The Varo tuning fork oscillator fur- 
nishes a precise frequency square wave 
to a conduction-time control. The out- 
put of the control is a wave where the 
conduction angle @ is controlled by the 
action of an error signal to furnish a 
symmetrical wave as shown. 
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Fig. 32.3—Block diagram for regulated 
transistor inverter. 


65 


SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Optical Effects in Semiconductors 
The Diffusion of Impurities Into 
Evaporating Silicon 

Irreversible Thermodynamics and 
Kinetic Theory in the Derivation 
of Thermoelectric Relations 


Operation of Germanium Alloy 
Junction Transistors 


Fifty Pitfalls to Avoid in the Ap- 
plications of Transistors 


Fuel Cells 


Digital Methods in Measurement 
and Control 


Taking Advantage of the Voltage 
Sensitivity of the Silicon Capacitor 


Building-Block Circuits for Tran- 
sistorized Digital Computers 


Use Current-Made Flip-Flops for 
Really High Speed Switching 


Design of Transistorized D-C to 
D-C Converters 


A Transistorized Zero-Crossing 
Detector 


Using Photoconductive Cells 


Design of DC-to-DC Converters 
Part II 


Local Feedback in Transistor Am- 
plifier 


Transistors and Saturable-Core 
Transformers as Square Wave Os- 
cillators 

Millimicrosecond Digital Compu- 
ter Logic 

A Transistor Stimulator for Phys- 
iological Use 


Design for a Pocket Receiver 


Three Jobs for Zener Diodes 
Temperature Balanced Flip-Flop 
Cooling Power Transistors 


How to Design a Video Amplifier 
with a 30 MC Bandwidth 


Flip-Flop Circuits Using Saturated 
Transistors (Part 1) 

Transistor High-Frequency Pa- 
rameter Fi, Its Measurement and 
Implications 

Design of Transistorized Power 
Converters 


Solid State Generator for Micro- 
wave Power 


Low Distortion Transistor Monitor 
Amplifier 


66 


Battelle Tech Rev 
September 1959 


Bell Labs Record 
September 1959 


Canadian Jl Phys 
September 1959 
Comm & Elecncs AIEE 
September 1959 
Elecl Des News 
September 1959 
Elecl Eng AIEE 
September 1959 
Electrical Mfg 
September 1959 
Electrical Mfg 
September 1959 


Electronic Design 
September 2, 1959 


Electronic Design 
September 16, 1959 


Electronic Design 
September 16, 1959 


Electronic Design 
September 16, 1959 


Electronic Design 
September 30, 1959 


Electronic Design 
September 30, 1959 


Electronic Eng (Br) 
September 1959 


Electronic Eng (Br) 
September 1959 


Electronic Eng (Br) 
September 1959 


Electronic Eng (Br) 
September 1959 
Electronic Equip Eng 
September 1959 
Electronic Equip Eng 
September 1959 


Electronic Equip Eng 
September 1959 


Electronic Industries 
September 1959 


Electronic Industries 
September 1959 
Electronic Industries 
September 1959 
Elecne Rad Eng (Br) 
September 1959 


Electronics 
September 4, 1959 


Electronics 
September 4, 1959 


Electronics 
September 11, 1959 


Discussion is centered on the infrared region of the elec- 
tromagnetic of radiation on semiconductors. 


Simultaneous diffusion of phosphorous and gallium into 
silicon produces double-diffused n-p-n structures. 


A general “primary equation” of thermoelectricity can be 
derived from irreversible thermodynamics which should 
be of direct use in kinetic discussions. 


Exploratory experiments performed at various operating 
conditions on special type 2N123 p-n-p transistors. 


Listed herein are some of the pitfalls which confront the 
design engineer in attempting to design transistor cir- 
cuitry. 


Recent developments of devices that are capable of con- 
verting chemical energy. 


Review article designed to give newcomers background 
material, and engineers engaged in this field a basis of 
comparison of their own work with that of others. 


Discussion of principles of operation, equivalent circuit, 
factors affecting Q, stability, and basic design procedure. 


To aid the computer design engineer, several key circuits 
are presented which have been tested and proved in 
field use. 


Description, circuitry, and application of current-made 
switching for 50 and 25 mc flip-flops with 2N705’s. 


Data and procedures are presented for the design of tran- 
sistorized ringing-choke dc-to-de converters. 


Combining a center-tapped transformer and a logical tran- 
sistor OR gate, a zero crossing detector can generate two 
pulses accurately spaced 180° apart for each cycle of a 
sinusoidal input signal, 


Discussion of advantages of these cells and some applica- 
tions. 


Procedures and equations are presented to enable the 
circuit engineer to design transistorized push-pull trans- 
former-coupled dc-to-de converters. 


The effects of negative feedback on gain, impedance, and 
cut-off frequency are calculated. Theoretical calculations 
are compared with measured results. 


The common base, common emitter, and common collec- 
tor configurations are considered and methods of obtain- 
ing a multiphase output are described. 


Logical transistor circuits for OR, AND, INVERTOR, and 
RECLOCK are shown together with a driver which permit 
a fan-out factor of 5. 


A stimulator is described for the refractory period which 
follows excitation in a nerve. 


Transistor receiver operates from 3 volts and includes 
aoe and a class-B audio stage without an output trans- 
ormer. 


Zener diodes discussed as a voltage regulator, a voltage 
reference, and as a voltage sensing device. 


Design details of a wide range flip-flop circuit; uses ger- 
manium transistors for the operating range of 55° C to 85°. 


Presently used methods are studied. For future electronic 
equipment five mounting methods are suggested. 


Grown diffused germanium tetrode transistors are used. 
The procedure applies to certain other graded or dif- 
fused base types as well. 


Method presented separates the design into a steady-state 
solution and a transient solution. 


The frequency at which the grounded-emitter shortcircuit 
current gain has fallen to unity is the parameter discussed 
in this article; its significance is explained. 


Design criteria are covered for silicon type delivering 15 
wi eee a germanium type delivering 100 W, both from a 
-V source. 


Power is obtained from a transistor oscillator and ampli- 
fier which run at frequencies in the order of hundreds of 
megacycles, and a diode harmonic multiplier. 


A hybrid is used of the series and the quasicomplemen- 
tary transistor amplifiers to produce a satisfactory unit. 
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CONDENSED SUMMARY 


Use of transistors in glow-tube counter results in a cost 
reduction and an increase in reliability. 


Description of device, equivalent circuit, stability consid- 
erations, circuitry and applications. 


One-transistor blocking oscillator drives a cold-cathode 
counter tube to make a decade counter having low power 
consumption. 


Description of set with 2-microvolt sensitivity for 1 W 
audio output. Single-ended output delivers 4 W at less 
than 10% distortion. 


Description of an adjustable delay relay. It can replace 
synchronous ‘timers in industrial control circuits. 


Summary of design techniques used in making extremely 
stable, low-voltage power supplies for transistor circuits. 


This paper presents the details of an exact solution of the 
ae ae equations specifying the times of switching 
ransients. 


Applicability of diode microwave switches to binary logic 
circuits in which the information appears on an AM car- 
rier. 


Principles of design are examined; choice of materials, 
and fabrication techniques are discussed. 


For relatively large carrier concentrations the properties 
are normal; for smaller concentrations dips and double 
a peronss occur in the Hall constant-temperature relation- 
ship. 


A new technique is presented which is particularly useful 
for low thermal conductivity materials of small dimen- 
sions. 


Mathematical expression is derived relating the signal- 
to-noise ratio to threshold response and temperature. 


Formulas for the approximate lifetime damage constants 
for highly n-and p- type material are developed. 


A case is developed for a by-directional non-linear switch- 
ri element. Features of diode gates are considered in 
etail. 


Oxide films and residues from chemical etching on ger- 
manium can be removed by cathodic reduction prior to 
metal deposition in many plating solutions. 


Electroluminescence of ZnS: Cu, Pb phosphors excited 
by short field pulses are investigated and excitation and 
recombination mechanisms of luminescent centers are 
discussed. 


The meaning of the inner electrical field inside a two- 
band semiconductor the gap vf which depends on tem- 
perature is discussed. 


The resistivity of barium titanate which is usually of 
the order of 109.1012 ohm cm may be remarkably re- 
duced with suitable control in valency. 


When the temperature gradient is given in a specimen of 
AgCl doped with CuCl its thermoelectric power changes 
with time owing to the thermal diffusion of copper ions, 
and then reaches its steady value. 


The crystal growth of CdS has been investigated in detail 
mainly by the method of sublimation and re-crystalliza- 
tion in the flow of nitrogen gas. 


Properties of CdS crystals were investigated under irradi- 
ation by B-rays and y-rays and the results detailed. 


Curves have been attained of the temperature dependence 
of the electron mobility of a set_of n-type silicon samples 
of varying impurity content and compensation. 


An experimental study has been made of the energy level 
structure of a phosphorous donor impurity in silicon using 
Hall measurement techniques. 


The 1/f noise of single-crystal silicon and germanium has 
been examined as a naturally occurring imperfection 
densities, dislocation, and imperfections resulting from 
fast-neutron irradiation. 


The effects of 4.5 Mev electron bombardment on the 
electrical properties of n- and p-type InSb are studied. 


The carrier concentration of n-type InAs increases during 
irradiation with 4.5 Mev electrons. 


Single crystals of GaSe have been prepared by reaction 
of the elements followed by gradient freeze crystallization. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


Magnetic Susceptibility of InSb 


Dependence of the Hole Ionization 
Energy of Imperfections in Cad- 
mium Sulfide on the Impurity 
Concentrations 


Structure of the Energy Distribu- 
tion of Photoelectrons from KsSb 
and Cs3Sb 


Special Issue on Infrared Physics 
and Technology 


The Photovaltaic Effect and its 
Utilization 


Crystal Controlled High Frequen- 
cy Transistor Oscillators 


Resistivity Measuring Techniques 
in Semiconductors 


Alloying with Controlled Spread- 
ing in Silicon Transistors 


The Dependence of the Lifetime 
of Electrons and Holes in Ger- 
manium on their Concentrations 


The Effect of Temperature on the 
Recombination Rate Of Electrons 
and Holes at Copper Atoms in Ge 


Recombination of Electrons and 
Holes at Nickle Atoms in Ger- 
manium 


Restoration of the Parameters of 
Germanium Subjects to Thermal 
Treatment by Annealing in Va- 
pors of Antimony and Arsenic 


Photomagnetic Effect in Single 
Crystals of n-type Indium Anti- 
monide 


Pecularities of the Electrical 
Properties of Continuous Solid 
Solutions in the Te-Se and Te-S 
Alloys 


The Problem of Electrical Prop- 
erties of Gallium Arsenoselenides 


Certain Properties of the InSbGaSb 
Alloy 


Electrical Properties of p-type 
InSb at Low Temperatures 


The Theory of the Mobility of 
Electrons in Semiconductors 


Regarding the Effect of Surface 
Treatment on Some Properties of 
the Photoconductivity of CdS 
Monocrystals 


Effect of the State of Surface of 
PbS and CdS on the Contact Po- 
tential Difference 


Photoelectric Properties of Semi- 
conductor Rectifying Elements in 
X-Rays 


Concerning the Dependence of the 
Reverse Current in a Germanium 
Diode on the Repetition Rate of 
Voltage Impulses 


An Investigation of the Diffusion 
ee and Se in Bez Ses, BiSe and 


On the Calculation of the Diffu- 
sion Coefficient in Solids 


Stability of Piezoelectric Effect in 
Compressed Barium Titanate 


The Efficiency of Refrigeration 
Thermocouples 


A Simple Transistor Test Set 


Component Evaluation and Speci- 


fication Engineering: Task XI. 
Temperature Element, Thermis- 
tors 
68 


Physical Review 
September 1, 1959 


Physical Review 
September 1, 1959 


Physical Review 
September 15, 1959 


Proceedings IRE 
September 1959 


RCA Review 
September 1959 


Semiconductor Prod 


Semiconductor Prod 


Semiconductor Prod 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 
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Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1:No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


Sov Phys Sol State 
Vol 1 No 4 1959 


U S Govt Res Repts 
July 17 1959 
OTS $¢.50 PB 151300 


U S Govt Res Repts 
July 17 1959 
LC $44.10 PB 139990 


magnetic susceptibility of InSb has been measured 
ers Tone of eearipsic carrier densisties extending from 
1016 to 6 x 10% cm-3. 


The variations of the hole ionization ener 
tions in cadmium sulfide as a function o 
consentration has been measured. 


of imperfec- 
the impurity 


The energy distribution of photoelectrons from KsSb and 
Cs3Sb aes structure that is similar in form to structure 
in the spectral dependence of the optical absorption. 


Fi apers are presented by authorities in each of their 
eo eanches and cover the entire gamut of the Infra- 
red art. 


This paper presents a review of the theory and applica- 
tion ot Whe photovoltaic effect with special emphasis on 
solar energy conversion. 


Crystal controlled transistor oscillators of 10 to 50 mc 
frequency range were studied for their frequency stabil- 
ity with change of supply voltage and of temperature. 


This article describes the development and design of 
direct reading apparatus for resistivity measurements. 


Surface spreading of the electrodes in silicon alloy tran- 
sistors greatly affects the performance and attorsity 
of the device characteristics. 


It was found that phosphorous and boron are good doping 
elements for obtaining low-resistance germanium with 
long lifetime. 


It was found that in heavily doped specimens the life- 
time depends weakly on the temperature. 


It was found that the electron capture coeffecient for the 
upper and lower levels of nickel are essentially indepen- 
dent of temperature. 


Restoration of the original properties is possible by a pro- 
longed annealing by annealing in metals and by an elec- 
tric field while passing current. 


The transverse photomagnetic effect in high-purity single 
crystals of n-type InSb was studied. 


A detailed stud 
of properties o 
position. 


is made of the dependence of a number 
the Te-Se and Te-S alloys on the com- 


Measurements are made of electrical conductivity at 
different temperature, and thermal emf of different com- 
positions of this system. 


Preliminary results are given of electrical and optical 
measurements made on this alloy. 


The specific electrical conductivity and the Hall constant 
were measured on various specimens in a temperature 
range from 300 to 4.5°K. 


Scattering of electrons by Coulomb centers in an aniso- 
eore medium is considered using the Born approxima- 
ion. 


Results are given which were obtained with CdS crystals 
subjected to a treatment in the glow-discharge, and to a 
short-duration heating in air. 


Investigations are made relative to platinum or gold; also 
change with irradiation, oxidation, and under the in- 
fluence of a magnetic field. 


Experimental investigation of the action of X-Rays on 
selenium rectifying elements used as photodiodes and as 
photovoltaic cells. 


The influence of surface treatment of p-n junctions on the 
magnitude of reverse current, and the breakdown voltage 
of DGTs diodes is investigated. 


Activation energies of zinc in various compounds differ. 
These differences are discussed and evaluated. 


An analysis of some of the systematic errors which occur 
during a determination of diffusion. 


The piezoelectric effect is well preserved over long periods 
of time. Prolonged heating at 70°C; subjecting the ma- 
terial to an electric field has little effect on the piezoelec- 
tric modulus. 


It is shown that the thermoelectric efficiency is a function 
of the temperature drop across the thermocouple. 


A small transistor test set wa i 
tec ananwioe was designed to measure Ico, 


Performance of rod, disk, and bead thermistors as af- 
fected by low-temperature storage, moisture resistance, 
temperature cycling, shelf-life and continuous-load life. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


_ Special Measurement Techniques 


for Thermoelectric Materials with 
Results for BizTes and Alloys with 
BizSes 

pigs Frequency Compensation of 
a Drift Transistor 


Unilateralized Common Collector 
Transistor Amplifier 


Transistor Crystal Oscillator Cir- 
cuitry 


Study of Parametric Amplification 


Intrinsic-Barrier Transistor Tech- 
niques (Silicon) 


A Study of Avalanche Transistors 


A Transistorized Linear Sweep 
Circuit 


Power Transistor Circuitry 


The Study, Analyses and Design 
of Transistor Circuits 


Study of Properties of Single CdS 
and ZnS Crystals for Use as De- 
tectors in Crystal Counters 


The Conductance of a Cleaned 
Germanium Surface 


Eect of Ion Bombardment on 
Semiconductor Surfaces 


Studies on the Mechanisms of 
Electroluminescence 


Effective Mass of Electrons in 
Gallium Arsenide 


Dipole Scattering in Semiconduc- 
tors 


Transmission Line 
for Semiconductors 


Formulation 


Study of Surfaces 
ductor Devices 


in Semicon- 


Effects of Temperature Gradients 
on Self-Absorption of Infrared 
Radiation in Hot Gases 


U S Govt Res Repts 
July 17 1959 
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U S Govt Res Repts 
July 17 1959 
LC $16.80 PB 139999 


U S Govt Res Repts 
July 17 1959 
LC $4.80 PB 136566 


U S Govt Res Repts 
July 17 1959 
LC $1.80 PB 138442 


U S Govt Res Repts 
July 17 1959 
LC $1.80 PB 135161 


U S Govt Res Repts 
July 17 1959 
LC $1.80 PB 140019 


U S Govt Res Repts 
July 17 1959 
LC $7.80 PB 139830 


U S Govt Res Repts 
July 17 1959 
LC $4.80 PB 136052 


AUTHORS 


A new technique for accurate measurement of the 
thermoelectric power and thermal conductivity. 


Given a desired frequency response, it should be pos- 


sible to synthesize an infinite RLC ladder of non- 
identical elements. 


A three-terminal transformerless unilateralized common 
collector amplifier is discussed. 


Step-by-step design data sheets are given for four 


common circuits and are followed by six specific design 
examples. 


Parametric amplifiers employing semi-conductor junction 
diodes as non-linear capacitors have been studied the- 
oretically and experimentally. 


Comparative design data, transistor fabrication, and 
A ar ge fabrication, and transistor terminal charac- 
eristics. 


The simultaneous occurrence of avalanche multiplica- 
tion and voltage punch-through produces either large 
current pulses or pulses with very fast rise time. 


Study of a linear sweep generator composed of a trig- 
gered gate generator and a bootstrap circuit. 


Power supplies had multiple output voltage requirements 
ranging from 6V to 650V. All required regulation against 
line voltage variation. 


Part I: Investigation of the high current mode of opera- 
tion of transistors, and circuit applications. Part 2: In- 
vestigation of pulse generating circuits producing ex- 
tremely short duration pulses. 


Analysis of various methods of describing electronic 
charge distributions and conclusions as to the most 
sensitive methods. 


Conductivity and field effect mobility of the carriers in 
the region of the space charge of a cleaned germanium 
surface were measured as a function of various gas 
ambients and temperature. 


Measurements of surface properties of etched germanium 
surfaces were carried out before and after bombardment 
by 500 and 1000 volt oxygen ions. 


ZnS single crystals were E.L. only after activation. The 
threshold of E.L. in the a-c field is of 500 volts/cm. 


The effective mass of electrons in a sample of n-type 
gallium arsenide has been measured by determining the 
reflectivity in the infrared. 


Recent work on semiconductors suggested consideration 
of dipole scattering effects in these substances. 


A more suitable test function for the variational method 
of computing the scattering coefficient is given. 


Experimental data is offered which indicate that the 
assumption of less than complete diffused scattering of 
carriers at the surface of silicon and germanium is more 
reasonable than the complete diffused scattering pre- 
viously assumed. 
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The intensity distribution in the infrared emission spec-R. H. Tourin 


trum of a hot gas stream depends to a large extent on 
self-absorption within the gas. 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 
and Circuits and Applications 
Compiled by SIDNEY MARSHALL 


crip ait : F ; ? an 
The abstracts appearing in this issue cover the inventions relevant to semiconductors 

Septs: 1957 oct: 15, 1957. In subsequent issues, patents issued from Oct. 15, 1957 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


September 3, 1957 

2,805,133, Preparation of Pure Silicon— 
C. M. Olsen. Assignee: E. I. duPont de 
Nemours & Company. A process for pre- 
paring hyperpure elemental silicon by 
removing trace impurities from a rela- 
tively pure silicon halide, causing the 
halide, in a’ vapor state, to come into 
contact with a pure vaporized metal re- 
ductant maintained at a temperature 
above the dew ‘point of the reductant 
and its reaction product, but below the 
melting point of the silicon in the cham- 
ber. 


2,805,347 Semiconductive Devices—J. R. 
Haynes, J. A. Hornbeck. Assignee: Bell 
Telephone Laboratories. A device includ- 
ing a semiconductive body, a pair of 
ohmic electrodes connected to two spaced 
region on the surface of said body, means 
for injecting minority carriers into said 
body between said spaced regions, and 
voltage supply means and a load con- 
nected in series between said electrodes. 


2,805,369 Semiconductor Electrode System 
—A. vanWieringen. Assignee: North 
American Phillips Co., Inc. A device 
comprising a granular, egg-shaped, semi- 
conductive body of which the narrow 
head has a greater concentration of im- 
purities than the opposite end, said oppo- 
site end having a planar portion and 
means for making rectifying contact and 
ohmic contact thereto. 


2,805,370 Alloyed Connections to Semi- 
conductors—D. K. Wilson. Assignee: Bell 
Telephone Laboratories. A semiconduc- 
tive translating device comprising a sili- 
con body and a mass of gold and alumi- 
num containing about 0.1 percent to 
2 percent by weight of aluminum alloyed 
with a portion of said body. 


2,805,397 Semiconductor Signal Translat- 
ing Devices—I. M. Ross. Assignee: Bell 
Telephone Laboratories, In a signal trans- 
lating device, means for suppressing and 
controlling minority carrier flow in such 


a way as to modulate the output or load 
current. 


September 10, 1957 

2,805,968 Semiconductor Devices and 
Method of Making Same—G. E. Dunn, 
Jr. Assignee: Radio Corporation of Amer- 
ica. A method of fabricating an electrical 
junction device by applying to one por- 
tion of a surface of a crystal semiconduc- 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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tor wafer a thin adherent film of mag- 
nesium hydroxide, and treating an 
adjacent film-free surface in order to 
form a rectifying barrier. 


2,806,153 Electric Trigger Circuits—T. H. 
Walker. Assignee: International Standard 
Electric Corporation. A trigger circuit 
comprising a pair of crystal triodes, 
means for connecting both collector elec- 
trodes to a point of fixed potential, means 
for criss-crossing the base and emitter 
electrodes, means for applying an input 
pulse to one emitter to interchange the 
condition of the triodes, and means for 
deriving an output signal in response to 
the input pulse. 


2,806,154 Circuit Arrangement to Change 
the Characteristics of Multielectrode 
Tubes—K. Steinbeck. Assignee: Interna- 
tional Standard Electric Corporation. A 
circuit arrangement for sharpening the 
flenks of impulses comprising an elec- 
tronic triode, means coupling the base 
electrode over a resistance to the cathode 
of the tube, means coupling the emitter 
directly to the cathode, and means for 
annlving an input signal between the 
grid and the collector electrodes. 


2,806,187 Semiconductor Rectifier Device 
—J. L. Boyer, W. S. Albert. Assignee: 
Westinghouse Electric Corporation. A 
semiconductor rectifier which is encapu- 
lated for protection against moisture and 
which is mounted in a finned structure 
for providing cooling. 


2,806,188 Crystal Diode—J. J. Kastner, 


_I. C. Mozina. Assignee: None. A device 


comprising a hollow shell having a semi- 
conductor crystal mounted therein, a 
whisker in point-contact with the surface 
of said crystal, a body of dielectric mate- 
rial embedding the contact end of said 
whisker and said surface, and terminal 
means leading from said crystal and said 
whisker. 


2,806,189 Alkaline Titanate Rectifiers—P. 
J. Dymon. Assignee: Sylvania Electric 
Products Inc. A rectifier comprising a 
reduced titanate of an alkaline earth 
metal having a double layer on one sur- 
face thereof, said double layer consisting 
of an electrolytically deposited metal 
oxide. 


Sentember 17, 1957 

2,806,807 Method of Making Contact to 
Semiconductor Bodies—J. A. Armstrong. 
Assignee: General Electric Company. A 
method of forming electrical contacts to 
crystalline semiconductors by forming 
a pool of acid etching solution upon a 
surface thereof, placing a quantity of 


contact material in the pool and heating 
the semiconductor until the etching solu- 
tion attacks both the semiconductor and 
the contact material. 


2,806,929 Photo Sensitive Device—R. A. 
Langevin. Assignee: Clevite Corporation. 


A photosensitive device comprising two- 


supporting leads, an elongated photosen- 
sitive member connected between said 
leads, and plastic supporting means en- 
casing said semiconductive member and 
a portion of said leads. 


2,806,961 Crystals with Small Apertures— 
F. H. Horn. Assignee: General Electric 
Company. A method of producing a crys- 
tal having a small hole suitable for serv- 


ing as an aperture for pinhole beams in — 


X-ray or electron defraction techniques. 


2,806,964 Transistor Regenerative Pulse ~ 


Amplifier for Power Applications—J. F. 
Spades, A. W. Carlson. Assignee: U.S.A. 
(Department of the Air Force); A plural 
stage transistor parallel regenerative 
pulse amplifier for use as an output stage 
in digital, or pulse circuitry, or wher- 
ever it is necessary to develop a voltage 
across a low output impedance. 


2,806,983 Remote Base Transistor—R. N. 
Hall. Assignee: General Electric Com- 
pany. P-N junction transistors which do 
not require contact being made to an 
extremely thin base region, and which 
exhibit a high order of current amplifi- 
cation. 


2,806,984 Selenium Rectifiers and Process 
for Manufacturing the Same—W. Kock. 
Assignee: Licentia Patent—Verwaltungs 
—G.m.b.H. A method for manufacturing 
selenium rectifiers: having at least two 
successively disposed selenium layers of 
different impurity content predominantly 
of halogen atoms. 


2,806,989 Electronic Synchronous Convert- 
ers—F. F. Shoup. Assignee: Radio Cor- 
poration of America. An electronic syn- 
chronous cqnverter comprising two, 
two-junction, photo-conducting crystals, 
means for applying a voltage across one 
of the crystals, means for applying the 
radiation from a source of varying ra- 
diant energy to one of the crystals in 
order to chop said voltage, means for 
amplifying said chopped voltage, and 
means to apply radiation from a second 
source to the second crystal. 


2,807,011 Fail-Safe Technique and System 
—W. G. Rowell. Assignee: Scully Signal 
Company. Switching apparatus that is 
adapted for use in installations where 
ee power supply is direct cur- 
rent. 
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September 24, 1957 
2,807,598 Method of Sealing a Semicon- 
ductor Device—J. J. Pankove. Assignee: 
- Radio Corporation of America. A method 
of sealing a semiconductor device by 
applying a back voltage across a rectify- 
- ing barrier of value sufficient to generate 
heat and prevent moisture deposits, and 
coating said device with an insulating 
-moisture-impervious inert material while 
maintaining said potential. 


2,807,561 Processing of Fuzing Materials 
to Silicon—H. Nelson. Assignee: Radio 
Corporation of America. A method of 
fusing a conductivity-type determining 
material to a silicon surface bearing a 
film of silicon oxide, by heating said ma- 
terial and said surface in the presence of 
a fluoride salt. 


2,807,718 Transistor Detector—A. G. 
Chressanthis, F. Mural. Assignee: Philco 
Corporation. A detecting circuit for am- 
plitude modulated signals, said circuit 
utilizing a semiconducting device and 
being of such a nature that it does not 
appreciably attenuate the detected signal. 


2,807,719 Electric Pulse Generators Em- 
ploying Semiconductors—K. W. Catter- 
mole. Assignee: International Standard 
Electric Corporation. A pulse generator 
or trigger circuit including one or more 
crystal triodes so designed that the op- 
eration is substantially independent of 
the characteristics of the crystal triode 
used. 


2,807,758 Transistor Flame Detector—B. H. 
Pinkaers. Assignee: Minneapolis-Honey 
well Regulator Company. A transistor 
flame detector in which the emitter to 
base current is controlled by flame sens- 
ing means, and caused to pulsate con- 
tinuously when flame is present; said de- 
vice having a flame checking circuit to 
insure continued proper operation of the 
flame detector. 


2,807,761 Current Rectifier Assembly— 
J. R. Thurell Jr. Assignee: General Elec- 
tric Company. Current rectifying devices 
having cell assemblies that include a 
contact and spacer member independently 
secured to a rectifier cell by way of an 
insulating cell-mounting element. 


2,807,762 Method of Producing Selenium 
Rectifiers—H. K. Strosche. Assignee: In- 
ternational Standard Electric Corpora- 
tion. A method of manufacturing selen- 
ium rectifiers by applying a thin inter- 
mediate metallic layer to the selenium 
consisting of a metal having a large 
work function, and in which layer said 
metal does not exceed 5x10-7 gm/cm? be- 
fore applying the counter electrode on 
top of said thin layer. 


October 1, 1957 

2,808,315 Processing of Silicon—G, Bemski. 
Assignee: Bell Telephone Laboratories. A 
method of manufacturing a single crystal 
silicon body and limiting the thermal deg- 
radation of the minority carrier lifetime 
of said body by cooling the crystal from 
a temperature greater than 400°C at maxi- 
mum rate of 20°C per minute. 


2,808,469 Transistor Circuit—R. P. Crow, 
J. A. Doremus. Assignee: Motorla, Inc. In 
a circuit, a transistor stage in which the 
input circuit has high impedance so that 
it is independent of the voltage drop 
across the input electrodes of the tran- 
sistor and it is linear with input voltage. 


2,808,471 Temperature Compensated Semi- 
conductor Signal Amplifier Circuits— 
W. H. Poucel, J. W. Woestman. Assignee: 
Radio Corporation of America. A circuit 
which is stabilized with respect to tem- 
perature changes by connecting a tem- 
perature compensating “T’” network with 
a transistor in such a manner that the 
effects due to changes of base saturation 
current with temperature variation are 
compensated for. 


2,808,523 Crystal Assembly—J. D. Holm- 
beck. Assignee: The James Knights Co. A 
crystal assembly comprising an evacuated 
hermetically sealed envelope, a crystal 
mounted in said envelope, two conductive 
loops within said envelope, said loops 
having their axes at right angles to one 
another, an amount of vaporizable metal 
on one loop, and a shield partially sur- 
rounding the metal and having an open- 
ing for directing vaporized metal toward 
the crystal. 


2,808,543 Mounting Means For Semicon- 
ductor Crystal Body—T. W. Cooper. As- 
signee: Hughes Aircraft Company. Means 
for mounting a semiconductor crystal 
body in an encapsulated device which 
isolates the region of the dianhragm upon 
which the crystal is mounted from exces- 
sive stresses, shocks, and strains. 


October 8, 1957 

2,809,103 Fabrication of Semiconductor 
Elements—B. H. Alexander. Assignee: 
Sylvania Electric Products Inc. A means 
for preparing a germanium crystal for 
use by etching the crystal in a bath of 
molten sodium hydroxide and then treat- 
ing it with an aqueous etchant for ger- 
manium. 


2,809,134 Method of Making Photocells— 
O. T. McIlvaine. Assignee: None. A 
method of photocell manufacture which 
comprises the application of a plurality of 
lines of conducting material onto an in- 
sulating base surface and applying a 
solution of semiconductor over said base 
to sensitize its surface. 


2,809,135 Method of Forming p-n Junctions 
In Semiconductor Material And Appara- 
tus Therefor—F. Koury. Assignee: Syl- 
vania Electrie Products Inc. A method of 
forming a p-n junction by providing 
within the same chamber two melts of 
material having opposite conductivity 
types, pulling a crystal from one melt, 
transferring the crystal to the other melt, 
and vulling an additional amount of 
crystal. 


2,809,136 Apparatus And Method of Pre- 
paring of Silicon And Germanium—G. D. 
Mortimer. Assignee: Slyvania Electric 
Products, Inc. A method of preparing thin 
flat single crystals of germanium and sili- 
con by maintaining proper heating con- 
ditions for a melt of said material, using a 
flat seed crystal in edge contact with the 
surface of the melt, and raising said seed 
as the crystal material solidifies. 


2,809,239 Transistor Circuits—R. S. Nielsen. 
Assignee: Sylvania Electric Products, Inc. 
A small signal reproducing circuit includ- 
ing a transistor, means for providing back- 
conducting bias to the emitter and collec- 
tor electrodes in relation to the base 
electrode, a self, biasing network in the 
input circuit, and in said input circuit 
means for driving the emitter electrode 
instantaneously forward conducting. 


2,809,240 Semiconductor Squelch Circuit— 
L. A. Freedman. Assignee: Radio Corpo- 
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ration of America. A squelch circuit for 
a transistorized signal receiver which 
functions automatically to render the re- 
ceiver operative when a received carrier 
wave attains a predetermined amplitude 
level. 


2,809,303 Control Systems For Switching 
Transistors—H. W. Collins. Assignee: 
Westinghouse Electric Corporation. The 
system provides for utilizing a magnetic 
amplifier energized with a square wave 
voltage to effect the functioning of a 
transistor as a switch to control the flow 
of current to a load. 


2,809,304 Transistor Circuits—A. H. Dickin- 
son. Assignee: International Business Ma- 
chines Corporation. A scaling and trigger 
circuit which includes a biasing circuit for 
the base and emitter electrodes of a tran- 
sistor, said biasing circuit being effective 
to reduce the outnut current of the trigger 
circuit in the OFF state, and to increase 
the current in the ON state. 


2,809,343 Amplifiers—G. F. Pittman, Jr. 
Assignee: Westinghouse Electric Corpora- 
tion. A magnetic amplifier that achieves a 
high speed of response and high power 
gain by incorporating a transistor in the 
amplifier circuit in such a way as to 
cause the voltage induced across the con- 
trol winding of said amplifier to serve as 
the supply voltage for the transistor. 


October 15, 1957 

2,810,024 Efficient And Stabilized Semicon- 
ductor Amplifier Circuit—F. O. Stanley. 
Assignee: Radio Corporation of America. 
A transistor push-pull amplifier circuit in- 
cluding a transistor driving stage which 
permits the utilization of a low impedance 
biasing network for the push-pull power 
amplifiers. 


2,810,073 Stable Transistor Oscillator— 
R. W. Bradmiller. Assignee: Avco Manu- 
facturing Corporation. A circuit for vary- 
ing the voltage of a transistor in a com- 
pensatory manner and in response to 
variations of supply voltage or of tran- 
sistor temperature, said voltage being 
varied by means of a semiconductor diode 
resistance network operating in its zener 
breakdown region. 


2,810,080 Transistor Circuits—R. B. Trous- 
dale. Assignee: General Dynamics Corpo- 
ration. A biasing circuit for transistors, 
said circuit having a low dynamic imped- 
ance which is achieved by providing uni- 
directional conducting means in the emit- 
ter electrode of the transistor. 


2.810,081 Electronic Switch for Selectively 
Blocking or Permitting the Simultaneous 
Transmission of Signals in Two Channels 
—G. Elliot. Assignee: General Dynamics 
Corporation. A transistorized switching 
circuit capable of switching two channels: 
simultaneously for bilateral transmission 
in both channels. 


2,810,107 Electrical Measuring Instrument 
—J. W. Sauber. Assignee: Ballantine Lab- 
oratories, Inc. A square low. voltmeter 
utilizing a detector of the segmented ap- 
proximation function generator type em- 
ploying crystal rectifiers and linear 
resistors, the segments being~ cascaded 
with all rectifiers effectively in series and 
polarized for conduction in the’ same 
direction. 


[To Be Continued] se 
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MANUFACTURERS (In Order of Code Letters) 

ARA— Advanced Research Associates, Inc. MUL— Mullard Ltd. ; 
AEG— Allgemeine Elecktricitats-gesellschaft NAC— National Semiconductor Corp. 
AMP— Amperex Electronic Corp. NTLB— Newmarket Transistors Ltd. 
AEI— _ Associated Electrical Industries LID. and Siemens NPC— Nucleonics Products Co. 

Edison Swan. PSI— Pacific Semiconductors, Inc. 
BEN— Bendix Aviation Corp. PHI—  Philco Corp., Landsdale Tube Co. 
BOG— Bogue Electric Mfg. Co. RAY— Raytheon Co. 
CBS— _ CBS-Electronics RCA— Radio Corp. of America, Semiconductor Div. 
CRY— Crystalonics, Inc. RHE— Rheem Semiconductor Corp. 
CSF— Compagnie Generale SIE— Siemens & Halske Aktiengesellschaft 
CTP— _ Clevite Transistor Products, Inc. SIL— __ Silicon Transistor Corp. 
DEL— Delco Radio Div., General Motors Corp. SONY— Sony Corp. 
EEVB— English Electric Valve Co., Ltd. SPE— Sperry Gyroscope Co. 
ESEB— Edison Swan Electric Co., Ltd. SPR— Sprague Electric Co. 
FSC— ‘Fairchild Semiconductors Corp. SYL— Sylvania Electric Products Inc. 
FTHF— French Thomson-Houston Semiconductor Dept. STCB— Standard Telephone & Cables, Ltd. 
GECB— General Electric Co., Ltd. TKAD—Suddeutsche Telefon-Apparate-, Kabel und Draht- | 
GE— General Electric Co. werke 
GEM— Great Eastern Mfg. Co. TRA— Transitron Electronic Corp. 
GTC— General Transistor Corp. — TFKG— Telefunken Ltd. 
HSD— Hoffman Semiconductor Div. TI Toxae dnetreunenits 
BG Hu uhes Alrcratt.Co. TIIB— Texas Instruments Ltd. 
HIVB— Hivac Ltd. 
IND— _Industro Transistor Corp. TUN— Tung-Sol Electric, Inc. 
LCTF— Labortoire Central de Telecommunications UST— U.S. Transistor Corp. 
MIN— Minneapolis-Honeywell Regulator Co. WEC— Western Electric Co., Inc. 
MOT— Motorola, Inc. WEST— Westinghouse Electric Corp. 


CHARACTERISTICS CHARI of NEW Pfratnoto bu rno 


Announced Between Nov. 1, 1959 and Dec. 31, 1959 
This is a partial listing and will be continued in the April issue. 


The following manufacturers have announced that they have begun supplying the indicated previously registered transistors. 


AMPEREX: OC44, O0C45, 2N281, 2N282 NATIONAL SEMI.: 2N327A,2N328A, 2N329A, 2N1220, 2N1222, 
CBS ELECTRONICS: 2N356A, 2N1090, 2N1091 2N1228 thru 2N1233 


CRYSTALONICS: 2N327A, 2N328A, 2N329A PACIFIC SEMI.: 2N696, 2N697 
GENERAL SOAS 3 2N388 PHILCO: 2N1294, 2N1295, 2N1296 
GENERAL TRANS.: 2N44A,2N331, 2N388, 2N416,2N417, 2N427, 2N428, RAYTHEON: 2N1386, 2N1387, 2N1388, 2N1389, 2N1390 


2N438, 2N464 thru 2N467,2N1118,2N1119 TEXAS INST. ENGLAND: 2N332 thru 2N335,2N337,2N338, 


2N389,2N424,2N497,2N498, 3N34, 3N35 
2N1247 


HOFFMAN: 2N696, 2N697 
INDUSTRO TRANS.: 2N123,2N359,2N394 thru 2N397,2N582,2N631, 
2N696,2N697, 2N699,2N1017,2N1252, 2N1253, 2N1313 


Max. Ratings @ 25° C 


Vee 


TRANSITRON : 


Typical Characteristics 


MER. 
See code 
at start 

‘of charts 


PARAMETER 
and 
(condition) 


20104 2.5. PNPMe Ge ~ 300 250° 15 300 <h:I - 10ma 40 TIIB 
24220 5 PNPA Ge 880 40 40 nee. Tos2 5A 30 TIIB 
24221 5 PNPA Ge 880 60 60 nvE.To_2 5A 30 TIIB 
24222 5 PNPA Ge 880 80 80 neE.TCe_2.5A 30  TIIB 
24223 5 PNPA Ge 880° 40° 40 etre 7A 30 TIIB 
20224 5 PNPA Ge 880 60 60 hee eae 30  TIIB 
20225 5 PNPA Ge Se 0s, SOG 2080 eee See 3.0; 229s 
24226 5 PNPA © Ge 880 40 40 nF=E.T°_5.0A 36 TIIB 
24227 5 PNPA a Ge 880 60 60 heres on 36 TIIB 
20228 5 PNPM. Ge 880 80 80 hee tle=b OA 36 TIIB 
20229 5 PNPA Ge 880° *- 405. 40 he aT 6, 25A 40 TIIB 
24230 5 PNPA Ge 880. 60" 60 nvEsT°_6.25A 40 Bae 
24231 5 PNPA Ge 880 80 80 nee. tc_¢.25A 40 TIIB 
24240 PNPD “Ge 2660. 80: 80 We to -s00ma 70 ‘TIIB 
2N167A ; Geasade 65 30 gone L0w Nate tict Oma 17-90 GE 
2N174 32.) Ww ENPAre «Ge »80,*. 80: = 58) FOKCALe neenen ar og 4 
2N174A 3%)  +PNPA Ge 1.0%). 290 Cee toed ORG Ashlee Te eR ON it tee 

_ 2N391 3 PNEA SOA Ge 1,250 240 OReA ane aon 65 a DRE 
2N414B 5 PNPA Ge 200 S00 SIR PAO ee a coca 60... END 
2N553- Bites PNBAL os Ge 2-0 ati BOs 40) OBESE hpe?Te-500ma ews 
2N634A 5 NPNA=\<sGe 9150: 400. S252 anz0e eneO sais ts 
2N635A 5 NPNA Ge ~* 150° "400. “hagerrvgg ns pPELTe one sae 340 a 
2N636A 5 NPNA Ge ““S150° "400°" "25" 15" “5G Ee Tee oma 100 s00°nE 
2N665 37) | PNPA.- Ge 2.0 80 . 40 20KeA hF=:7e&_500 
2N696 3,5  NPNM S ert O° CR EEge a igoede 

| : e 1. 800 250° / CORE OPS ae re eect 40 FSC 


CAARKACTERISTICS CHART of NEW TRANSISTORS 


| Max. Ratings @ 25° C Typical Characteristics 
USE TYPE 


See 


MER. 


| Code \ if Put | DERAT WEF ; See code 


' at start 


PARAMETER of charts 
cy and 


(condition) 


Below J | Below J ING 


2N697 3,527 NPNMe Sel 600 250 60 150 h T2150 5 
: - ma 7 FSC 

2N698 3,5 NPNMe Si 600 250 120 150. ne 7°-150ma 30 FSC 
2N699 3,571 NPNMe~ Si 600 250 120 150 n= :7°_150ma 65 FSC 
2N706 2,5 NPNMe Si 300 500 25 750 son @ srs vomat. & 25 1ORse 
2N715 2 NPN Sse 4 G00-sr4ea7* 60 ae Cat 70Mc 3.0 TIT 
2N716 2 NPN Si 500 125 70 fs "PTY 
2N1011 37 PNPA Ge <2 80 40 TRON Oh ott =o OA 65 2 TDeG 
2N1023 4 PNPD Ge 120 620 40 40 120 ne®;7c 60 RCA 
2N1066 4 PNPD Ge 120 620 40 40 120 « nf&.7= 60 RCA 
2N1100 32 ~-PNPA Ge .80 100 65 10KcA hop? Te=5.0A 40 DEL 
2N1118A 2 A Si 150 765 25 hes 25 PHI 
2N1131 3,52 PNPMe~ Si 600 250 40 100 nt®:t -150ma 25/5 «rse 
2N1132 3,51 PNPMe Si 600 250 40 100 hpe:I°-150ma 40 FSC 
2N1157 3 PNPA Ge 70h! 60 15 ppt lg-2-0A 50 MIN 
2N1157A 3 PNPA Ge -70 +80 15 hee tlg-2.0A 50 MIN 
2N1160 37 PNPA Ge : a? 80 60,0 LOKOnT Rs Bb on 950 — DEL 
2N1171 2 A dass 180 = -S800"~30 15 ne®;T°_1.0ma 60 RAY 
2N1183 g PNPA Ge 1000 75 45 20 .50D hoe: Tp-400ma 20min RCA 
2N1183A 3 PNPA Ge 1000 75 60 30 .500 Dapiip-400ma 20min RCA 
2N1183B 3 PNPA Ge 1000 75 80 40 50D Nppit_-400ma 20min RCA 
2N1184 3 PNPA Ge 1000 75 45 20 .50D Hppii_-400ma 40min RCA 
2N1184A 3 PNPA Ge 1000 co 60 30 50D hapil_-400ma 40min RCA 
2N1184B 3 PNPA Ge 1000 75 80 40 .50D hppilp-400ma 40min RCA 
2N1202 3 PNPA Ge Bye 80 60 20 hat Ig-500ma 86 MIN 
2N1203 3 PNPA Ge ey gan 1 70 20 SRS Teen 37 MIN 

FE°"C 

2N1204 5 MD Ge 250 300 20 hp,?_40Me 10. PHI 
2N1224 47) PNPD Ge 120 620 40 40 30 heo:i,-1.5ma 60 RCA 
2N1225 47 PNPD Ge 120 620 40 40 100 h,g:T,-1.5ma 60 RCA 
2N1226 47) PNPD Ge 120 620 60 60 30 hpo:I,-1.5ma 60 RCA 
2N1252 3,57  NPNMe Sol 600 250 30 Dap? tg-150ma 35 FSG 
2N1253 3,52 © NPNMe Si 600 250 30 Nop? l,-150ma 45 FSC 
2N1261A 3 PNPA Ge pe 80 45 20 hp pt Ig-2.0A 30 MIN 
2N1262A 3 PNPA Ge ar? 80 45 20 hpptIg-2.0A 43. MIN 
2N1263A 3 PNPA Ge 32% 80 45 20 hypilg-2.0A 64 MIN 
2N1358 3 PNPA Ge .80 80 55 10KeA hp:I5-5.0A 40-9 DEE 
2N1395 4 PNPD Ge 120 620 40 40 30 hp, :I,-1.5ma 90 RCA 
2N1396 4 PNPD Ge 120 620 40 40 100 hpg:T,-1.5ma 90 RCA 
2N1397 4 PNPD Ge 120 620 40 40 120 hpc:Ip-1.5ma 120 RCA 
2N1412 371 PNPA Ge .80 100 65 10KeA hpp:I,-5.0A 40 DEL 
2N1413 2 A Ge 200 300 35 npg? l,-1- Oma $9: - GE 
2N1414 2 A Ge 200 300 35 Np, il,-5.0ma 44 GE 
2N1415 2 A Ge 200 300 35 hpgilg-1. oma 64 GE 
2N1440 2 PNPA s4 . 400 440 50 50 iO" oohae? 17 NAC 
2N1441 2 PNPA Si 400 440 50 50 Vipin 26 NAC 
2N1442 2 PNPA Si 400 440 50 50 ES ED sv 46 NAG 
2N1446 2 PNPA Ge 200 45 25 2.0 Aap itn 20ma 16 IND 
2N1447 2 PNPA Ge 200 45 25 0) hap ito- 20ma 35 IND 
2N1448 5 PNPA Ge 200 45 25 4.0 hpi tan 20ma 50 IND 
2N1449 5 PNPA Ge 200 45 25 5.0 hep lan 20ma 70 IND 
2N1451 2 PNPA Ge 200 45 20 1.5 Nepitan- 20ma 20 IND 

NOTATIONS Under ‘Fype Under fab 

Under Use RE ree akin ¢ Figure of Merit 
1 - Low power a-f equal to or less than 50 mw F - Fused Fr rT ea 
As pamela ni bay "a han la cla x B ee thalieecs t fp = Gain Bandwidth Product h¢e x fhe . 

3- Power > 500 mw M_ - Microalloy 

4-r-f/i-f Me - Mesa 
§ -. Switching and Computer O - Other 
6 - Low Noise s - Surface Barrier MEL 

7- Photo UNI - Unijunction Transistor @ - Infinite heat sink 
8- Mixer Y - Symmetrical 

' 


9- Local Oscillator  - Revised Spec. Tetrode 


CHARACTERISTICS CHART of NEW TRANSISTORS 
Typical Characteristics 


MER. 
ERAT oe 
en 
“ING | er | Yer PARAMETER of chart 
e d 
c/w (condition) 


2N1452 Z PNPA Ge 200 45 20 2.2 Napito- 20ma 30 IND 
2N1468 5 NPNA Si 250 54 40 40 RAY 
2N1469 Zig d PNPA Spe 150 830 35 2.02 Apgiti,-1-0ma 36min: = See 
2N1471 5 PNPA Ge 200 12 12 A) Hepito- 20ma 100 IND 
2N1472 5 D Spl 100 1250 25 25 Nee 20Me 6.3 Piel 
2N1473 2,59 NPNA Ge GW 300 40 20 8.0 Appi l,-400ma 50 SYL 
2N1478 5 A Ge 250 300 30 20 hopil,-100ma 35 PHE 
2N1479 3 NPNMe 0/00 200 60 40 5 hep ilo -200ma 15min RCA 
2N1480 3 NPNMe Siseezi0)0'0 200 100 55 ab ita) hop ti -200ma L5mdiiny sea 
2N1481 3 NPNMe si 2000 200 60 40 na) hop it -200ma 35min» RCA 
2N1482 3 NPNMe Si ~-2000 200 100 55 i WS) Hapit -200ma 35min RCA 
2N1483 3 NPNMe Sah 7 0W) 100 60 40~- 1:25 Hopit -750ma 15min RCA 
2N1484 3 NPNMe Sab 7 OW pAOKO es ECONO) Si AS Dor fv=-750ma ~l5min® =RCs 
2N1485 3 NPNMe Sa SAO) 100 60 40° =). 25 Dor I-~--750ma 35min- “RC 
2N1486 3 NPNMe Sal SA DOW) 100 100 ye AS Doe I~-750ma 35min RCA 
2N1487 3 NPNMe ae 30W 2.5 60 40 10 nop t,-1 5A 10min RCA 
2N1488 33 NPNMe Sal. 30W Pevray 5” ALCO), 55 ht0: hor RS — LDA 10min CA 
2N1489 3 NPNMe SL 30W 2.5 60 40 aleve?) nop lies easy 2 25min RCA 
2N1490 3 NPNMe Sat 30W Pee AY 55 a0 nopitg-l 5A 25min RCA 
2N1500 5 MD Ge ms 530 aS 12 Nag! 20Mc 4.5 PHT 
2N1505 3 DM Sts SOOO 50 50 40 PG aw tv0Me 10dbe sk sw 
2N1506 3 DM Sls - SOO 50 60 40 PG at 70Mc L2dbrersm 
2N1585 2 PNPMe Ge" 53:00 250 25 400 Ippiton 10ma 20 ET 
25012 5 NPND Syl 3300 60 ‘peitgcl OA LOma Ty rs is 
2S012A 5 NPND ‘Spal 2000 70 30 PRiig7t 5A 20min, TEER 
2S013A 5 NPND Syl 2000 60 30 Pritt 5A Lomi nee wees 
25019 3 NPND Si 4000 60 60 Npeil.- 30ma 60 pi EB 
25020 3 NPND Si 4000 LOOP S100 Npetton 30ma 60 1 AEB BS) 
25021 2 PNPA Si 300 80 60 Nopiton 10ma 25 TTLB 
25022 2 PNPA Syl 300 40 25 .30D hop il - 10ma 33 TLLB 
25023 2 PNPA oi 300 40 25 . 80D eee 10ma 6.0 J BMRA Dc! 
29101 Zio NPNMe ‘Syab 300 25 25 150f Npeit,- 10ma 12 JMEIRS: 
3S001 2 NPND8 ‘Sih 125 30 ees 
35003 2 NPND8 Si 125 30 PETES 
C101 PARIS PNPY sy 250 540 30 20 .40 Nepito- 10ma Phe) GRY 
C102 2,5 PNPY Syah 250 540 30 JL - 80 Nemiton 10ma 13 CRY 
C103 2,5 PNPY ‘Spe 250 540 30 10 aA Nomi tan 10ma IL) CRY 
CaleleZ 2 PNPA Spl 250 540 25 25 Np :[--.20ma 18 eRY 
C201 2,5 PNPY Sirer 250; s640eP 40ee ede SIeA6 eae CRY 
C202 7215) PNPY yak 250 540 25 12 - 80 CRY 
C301 2,5 PNPY Spal 250 540 70 70 -40 CRY 
C302 Pets NENG Si: 250 540 ea O rst - 80 GSN 
C401 PN PNPY ‘Sial 250 540 40 40 CEG 
C402 715) PNIRAG Si 250 540 15 10 . 80 CRY 
CK942 2 A ‘Syl 250 .54 50 20 -10 Np SAO Weg ab Dicer 2) 0 RAY 
CTP1728 5 PNPA Geo SOW URAK5 > aor Uae npg? l,-500ma 5.0) ners 
BE LIONS Under ‘Fype Under fad 

Under Use A - Alloyed * reser rece 

1 - Low power a-f equal to or less than 50 mw = : Ditsea eas a Boone of Merit =e 

2- Medium power a-f > 50 mwandequaltoor G ~- Grown @ Metmum 

ier io ke erates ea ae Sema 

4 - r-f/i-f Me - Mesa 

5. -. Switching and Computer O- = (Other 

eee. Noise s me - Surface Barrier Under P, 

8- Mixer yee Moanp aries Faneleton’< 9 - Infinite heat sink 

t 


9- Local Oscillator 2 - Revised Spec. Tetrode 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


ANNOUNCED BETWEEN OCT. 1, 1959 and NOV. 30, 1959 ONLY. This is a partial listing continued from the Feb./1960 issue. 


MANUFACTURERS 
AEG— Allgemeine Elekticitats-Gesellschaft MUL— Mullard, Ltd. 
_AEI— Associated Electrical Industries, Ltd. NAE— North American Electronics 
AMP— dnperes Electronic Corp. NPC— Nucleonic Products Co., Inc. 
AUD— Audio Devices, Inc. OHM— Ohmite Manufacturing Co. 
BEN— Bendix Aviation Corp. PHI— Philco Corp. Lansdale Tube Company 
BER— Berkshire Labs PSsI— Pacific Semiconductors, Inc. 
BOG— Bogue Electric Mfg. Co. Qsc— Qutronic Semiconductor Corp. 
BOM— Bomac Labs RAY— Raytheon Company 
BRA— Bradley Labs RCA— Radio Corporation of America, Semiconductor Div. 
CBS— CBS Electronics RHE— Rheem Semiconductor Corp. 
cpCc— Continental Device Coe SAR— Sarkes Tarzian, Inc., Rectifier Division 
COL— Columbus Electronics Corp. SCN— Semicon, Inc. 
CTP— Clevite Transistor Products, Inc. SEM— Semi-Elements Inc. 
CSF— Compagnie Generale de TSF. SIE— Siemens & Halske Aktiengesellschaft 
DAL— Dallons Semiconductor SIL— Silicon Transistor Corp. 
DEL— Delco Radio ssD— Sperry Semiconductor Division 
EEVB— English Electric Valve Co., Ltd. SSP— Solid State Products, Inc. 
ERI— Erie Resistor Corp. SsTCcC— Shockley Transistor Corp. 
FAN— Fansteel Metallurgical Corp. STCB— Standard Telephone & Cables, Ltd. 
FERB— Ferranti Ltd. SsYL— Sylvania Electric Products, Inc. 
GAH— Gahagan, Inc. SYN— Syntron Co. 
GECB— General Electric Co., Ltd. TEX— Texas Research Assoc. 
GE— General Electric Company, Semiconductor Div. TFKG— Telefunken, Ltd. 
GIC— General Instrument Corp. TI— Texas Instruments, Inc. 
GTC— General Transistor rad TKD— Tekade, thio rage Germany 
HAFO— Institutet for Halvedarforskning TOK— Tokyo Tsushin gyo, Ltd. 
HSD— Hoffman Semiconductor Division TRA— Transitron Electronic Corp. 
HUG— Hughes Products Division TUN— Tung-Sol Electric, Inc. 
INRC— International Rectifier Corp. TSC— Trans-Sil Corp. 
IRC— International Resistance Co. UCcI— United Components 
ITT— International Tel. & Tel. Corp. UsD— United States Dynamics Corp. 
KEM— Kemtron Electron Products. ic. Uss— U. S. Semiconductor Products, Inc. 
LCTF— Laboratoire Central de Telecommunications vVIC— Vickers Inc. 
MAL— P. R. Mallory & Co., Inc. WEC— Western Electric Co. 
MICc— Microwave Associates, Inc. WEST— Westinghouse Electric Corp. 
MOT— Motorola, Inc. 


CHARACTERISTICS CHART of SILICON ZENER or AVALANCHE DIODES 


Zener or Avalanche Dynamic 


Voltage Range TEMP. 
g g Impedance | coer. ie 


MIN. MAX, FICIENT See code | 


<4 rad 
of chart 
Eb! Eb2 %/°C 

(volts) (volts) 


1 /4M6. 8Z 5.4 352 9.2 720 9.2 250 040 MOT 
1 /4M7.5Z 6.0 9.0 8.3 8.0 8.3 250 -045 MOT 
1 /4M8 . 2Z 6.6 9.8 7.6 9.0 7.6 250 -048 MOT 
1 /4M9 .1Z flee: 10.9 6.9 10 6.9 250 -051 MOT 
1 /4M10Z 8.0 12 6.3 5 6.3 250 055 MOT 
1 /4M11Z 8.8 sls jaye? Bey 13 ey 250 -060 MOT 
1 /4M12Z 9.6 14.4 5.2 15 5.2 250 .065 MOT 
1 /4M13Z 10.4 15.6 4.8 18 4.8 250 065 MOT 
1 /4M14Z Me bee 16.8 4.5 20 4.5 250 .070 MOT 
1 /4M15Z 12 18 4.2 Dp 4.2 250 .070 MOT 
1 /4M16Z 12.8 190 3.9 24 3.9 250 070 MOT 
1 /4M17Z 13.6 20.4 Bay 26 OF.7 250 -075 MOT 
1 /4M18Z 14.4 21.6 3.5 28 3.5 250 075 MOT 
1 /4M19Z 15.2 2ec8 3.3 30 SS 250 -075 MOT 
1 /4M20Z 16 24 Sor 33 a4 250 .075 MOT 
1 /4M22Z 17.6 26.4 2.8 40 2.8 250 -080 MOT 
1 /4M24Z 19.2 28.8 2.6 46 Bane 250 .080 MOT 
1 /4M25Z 20 30 2.5 50 2.5 250 .080 MOT 
1 /4M27Z bap We} 32.4 8 58 OS} 250 .085 MOT 
1 /AM30Z 24 36 heh 70 el 250 085 MOT 
1 /4M33Z 26.4 39.6 1.9 85 1.9 250 .085 MOT 
1 /4M3 6Z 28.8 43.2 5 Ew 100 ih. 7 250 -085 MOT 
1 /4M39Z 3152 46.8 1.6 120 1.6 250 090 MOT 
1 /4M43Z 34.4 51.6 1.5 140 1.5 250 -090 MOT 
1 /AM45Z 36 54 1.4 150 1.4 250 .090 MOT 
1 /4M47Z 37.6 56.4 148 160 as 250 -090 MOT 
1 /4M50Z 40 60 e2 180 3 pee 250 090 MOT 
1 /4M5 2Z 41.6 62.4 Tc 200 ee 250 .090 MOT 
1 /AM5 6Z 44.8 67.2 nee 230 Lisid. 250 090 MOT 
1 /4M62Z 49.6 74.4 iD 290 hee 250 -090 MOT 

68Z 54.4 81.6 .92 350 .92 250 -090 MoT 
eee 60 90 .83 450 .83 250 .090 MOT 
1 /4M8 2Z 65.6 98.4 .76 550 .76 250 -090 MOT 
1 /4M91Z Che 109 .69 700 .69 250 .090 MOT 
1 /4M100Z 80 120 .63 900 .63 250 -090 MOT 
1 /4M105Z 84 126 . 60 1000 . 60 250 -095 MOT 
1 /4M110Z 88 132 .57 1200 257 250 095 MOT 
1 /4M120Z 96 144 .52 1500 52 250 -095 MOT 
1 /4M130Z 104 156 .48 1900 48 250 -095 MOT 
1 /4M140Z alg lp} 168 .45 2200 «45 259 -095 MOT 
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Zener or Avalanche Dynamic 


TEMP. 


Voltage Range Impedance MAX. CO-EF. APRS 
Be FOE er ec cg | cou 

ta at start 

of chart 


%/°C 
(volts) 


(volts) 


ee ae 


1 /4M150Z 120 180 42 2500 42 250 095 MOT 
1 /4M175Z 140 210 .36 3300 .36 250 095 MOT 
1 /4M200Z 160 240 .31 4300 31 250 .100 MOT 
1N1507A 3.7 4.1 35 750 .04 INRC ; 
1N1508A 4.5 4.9 30 750 0 INRC 
1N1509A 5.3 5.9 26 750 .03 INRC 
1N1510A 6.5 7.1 22 750 .05 INRC 
1N1511A 7.8 8.6 18 750 .06 INRC 
1N1512A 9.5 10.5 15 750 .07 INRC 
1N1513A 11.4 12.6 12 750 075 INRC 
1N1514A 14.2 15.8 10 750 .08 INRC 
1N1515A 17.1 18.9 8.0 750 085 INRC 
1N1516A 20.9 23.1 6.0 750 .09 INRC 
1N1517A 25.6 28.4 5.0 750 095 INRC 
1N1518A 3.7 at 50 1000 .04 INRC 
1N1519A 4.5 4.9 40 1000 0 INRC 
1N1520A 5.3 5.9 35 1000 .03 INRC 
1N1521A 6.5 7.1 30 1000 .05 INRC 
1N1522A 7.8 8.6 25 ; 1000 .06 INRC 
1N1523A 9.5 10.5 20 1000 07 INRC 
1N1524A 11.4 12.6 15. 1000 075 INRC 
1N1525A 14.2 15.8 13 1000 -08 INRC 
1N1526A 17.1 18.9 4-10 1000 085 INRC 
1N1527A 20.9 23.1 9.0 1000 -09 INRC 
1N1528A 25.6 28.4 7.0 1000 095 INRC 
1N1588A 3.7 4.1 150 3500 04 INRC 
1N1589A 4.5 4.9 125 3500 0 - INRC 
1N1590A 5.3 5.9 110 3500 .03 INRC 
1N1591A 6.5 ae 100 3500 .05 INRC 
1N1592A 7.8 8.6 80 3500 .06 INRC 
1N1593A 9.5 10.5 70 3500 07 INRC 
1N1594A 11.4 12.6 50 3500 075 INRC 
1N1595A 14.2 15.8 40 3500 .08 INRC 
1N1596A 17.1 18.9 35 3500 085 INRC 
1N1597A 20.9 oat 30 3500 .09 INRC 
1N1598A 25.6 28.4 25 3500 095 INRC 
1N1599A 3.7 4.1. 500 10W 04 INRC 
1N1600A 4.5 4.9 400 10W 0 INRC 
1N1601A 5.3 5.9 350 10W -03 INRC 
1N1602A 6.5 7.1 300 10W 05 INRC 
1N1603A 7.8 8.6 250 
1N1604A 9.5 10.5 200 40% 07 TNHG 
1N1605A 11.4 12.6 170 10W L075 INRC 
1N1606A 14.2 15.8 140 10W 08 INRC 
1N1607A 17.1 18.9 110 10W .085 INRC 
1N1608A 20.9 23.1 90 10W :09 INR 
1N1609A 25.6 28.4 70 10W 1095 TNRG 
124.375 4.1 4.5 50 1000 104 RG 
124.7720 3.8 5.6 40 1000 0 TNRG 
1Z5.1P5 4.8 5.4 40 1000 0 TNAG 
INRC 
126.275 5.9 6.5 
1Z6.8T20 5.4 8.2 30 1000 ae INAG 
127.575 Tee 7.9 30 1000 .0 TNRG 
129.175 8.6 9.6 25 1000 Ge TNRG 
1Z10T20 8.0 12. 20 1000 TNRG 
1Z11T5 10.4 11.6 20 1000 07 INRG 
1Z13T5 12.3 13.7 15 1000 o Neo 
Ae ieaan gi 2 . 1000 075 INRC 
1Z16T5 15.2 16.8 13 1000 ae INRG 
1Z20T5 19 21 10 1000 pe a 
1222720 17.6 24.4 9.0 ae ake 
1Z247T5 22.8 25.2 9.0 a ve anne 
1Z30T5 | 28.5 31.5 7.0 oe re INES 
ak Site oon we je 1000 .095 INRC 
3Z4.7T20 3.8 5.6 125 pect Ne pad 
325.175 4.8 5.4 125 seen : TAG 
326.275 5.9 6.5 110 oan : cate 
326. 8T20 5.4 8.2 100 seu Se INRC 
Bo icee oe oe ae 3500 =. 05 INRC 
329.175 8.6 9.6 80 S800 -05 INRC 
3500 .06 INRC 
3Z10T20 8.0 12 70 
3Z11T5 10.4 11.6 70 3500 OF, INRC 
3Z13T5 12.3 13.7 50 3500 07 INRC 
3Z15T20 12 18 40” 3500 -075_ INRC 
3Z16T5 15.2 16.8 40 aoe oe anne 
3Z20T5 i9 ot os 3500 .08 INRC 
3Z22T20 17.6 24.4 30 3508 +085 INRC 
3Z2475 22.8 25.2 30 3000 -09 INRC 
3Z30T5 28.5 31.5 25 nes 209 INRC 
10Z4. 375 4.1 4.5 500 S500 +095 INRC 


10W -04 INRC 


Zener or Avalanche Dynamic 
Voltage Range Impedance eg 


CO-EF- MFR. 
MIN. MAX. FICIENT | See code | 


at start 


Eb1 Eb2 of chart 


(volts) (volts) 


%1°C 


10Z4.7T20 3.8 5.6 400 10W 0 INRC 
102Z5.17T5 4.8 5.4 400 10W 0 INRC 
10Z6.2T5 5.9 6.5 350 10W -03 INRC 
10Z6.8T20 5.4 8.2 300 10W “205 INRC 
10Z7.5T5 Ted i) 300 10W .05 INRC 
10Z9.1T5 8.6 9.6 250 10W 06 INRC 
10Z10T20 8.0 12 200 10W .07 INRC 
10Z11T5 10.4 13256 200 10W 07 INRC 
10Z13T5 T25:S L357. 170 10W 075 INRC 
10Z15T20 12 18 140 10W -08 INRC 
10Z16T5 16.2 16.8 140 10W .08 INRC 
10Z20T5 19 21 110 10W -085 INRC 
102Z22T20 17.6 24.4 90 10W -09 INRC 
102Z24T5 22.8 2502 90 10W .09 INRC 
10Z30T5 28.5 31.5 70 10W -095 INRC 
MZ4.3T5 4.1 4.5 35 750 04 INRC 
MZ4.7T20 3.8 5.6 30 750 0 INRC 
MZ5.1T5 4.8 5.4 30 750 0 INRC 
MZ6.2T5 §.9 6.5 26 750 -03 INRC 
MZ6.8T20 5.4 8.2 22 750 05 INRC 
MZ7.5T5 Ms otk: Gre 22 750 -05 INRC 
MZ9.1T5 8.6 9.6 18 750 -06 INRC 
MZ10T20 8.0 12 15 750 07 ZINRC 
MZ11T5 10.4 gO ee 3 15 750 207 INRC 
MZ13T5 12.3 13.7 12 750 -075 INRC 
MZ15T20 12 18 10 750 -08 INRC 
MZ16T5 15.2 16.8 10 750 08 INRC 
MZ26T5 19 21 8.0 750 085 INRC 
MZ22T20 tie © 24.4 6.0 750 09 INRC 
MZ24T5 22.8 25.2 6.0 750 .09 INRC 
MZ30T5 28.5 31.5 §.0 750 -095 INRC 
OAZ200 4.4 5.0 a0 350 1.0 250 2.0 AMP 

OAZ201 4.8 5.4 1.0 340 a LK, 250 a AMP 

0OAZ202 5.3 6.0 ERY) 260 1.0 250 sheds AMP 

OAZ203 5.8 6.6 0 160 he) 250 1.0 AMP 

OAZ204 6.4 i fy LO 40 a S71) 250 3.0 AMP 

OAZ205 care | ‘fics ibe) 10 1.0 250 4.0 AMP 

OAZ206 asia’ 8.7 1.0 8.0 1.0 250 6.5 AMP 

OAZ207 8.6 9.6 1.0 8.0 pW 1) 250 6.5 AMP 

SX761 30 45 a0 100 5.0 300 -09 GECE 


CHARACTERISTICS CHART of SWITCHING DIODES 


TYPE | MAT] PIV TEST —_| Zrec. @ time (t MER, 
NO. ONDITIONS | nested 


of charts 


(volts) (volts) (ma) (volts) | (K ohms) (usec 


1N777 Ge 70 60 100 10 30 40 50 -50 GTC 
1N914 Si 15 10 6.0 4.0m TII 
1N916 Si 75 10 6.0 4.0m TII 
1N920 Si 40 36 500 1.0 150M 30 500 50 10 AR) SSD 
1N921 Si 80 70 500 1.0 300M 60 500 50 10 .30 SSD 
1N9 22 Si 120 100 500 1.0 450M 90 500 50 10 .30 SSD 
1N923 Si 50 130 500 1.0 600M 120 500 50 10 30 SSD 
1N925 Si 40 5.0 1.0 10M 10 5.0 10 20 15 PSI 
1N9 26 Si 40 5.0 120 100M 10 5.0 10 20 15 PSI 
1N927 Si 65 10 1.0 100M 10 5.0 10 20 .15 PSI 
1N928 Si 120 10 1 100M 10 5.0 10 20 416 PSI 
1N934 Si 70 20 1.0 2.0 UCI 
D1820 de 20 10 118 2.0u 2.5m SYL 
PD101 Si 50 5.0 1.0 10M 10 100 1.0 PSI 
PD102 Si 50 20 Te 20M 10 100 30 PSI 
PD103 Si 50 100 1.0 20M 10 100 .30 PSI 
PD104 ~* Si 100 5.0 1.0 20M 10 100 .30 PSI 
PD105 Si 100 20 1.0 20M 10 100 .30 PSI 
PD106 Si 100 50 1.0 20M 10 100 -30 PSI 
PD107 Si 100 100 1.0 20M 10 100 . 30 PSI 
PD108 Si 200 10 1.0 20M 10 100 200 .30 PSI 
PD109 Si 200 10 1.0 400M 10 200 . 30 PSI 
RD2121 Si 60 50 1.0 100M 50 5.0 40 200 .20 RHE 
RD2122 Si 120 50 1.0 200M 100 5.0 40 200 . 20 RHE 
RD2123 Si 175 50 130 300M 150 5.0 40 200 . 20 RHE 
RD2124 Si 225 50 1.0 400M 200 5.0 40 200 .20 RHE 


Market News... 


Sales 


RC A Semiconductor and Materials Division has established a 
Southwest District Sales Office in Dallas which will cover sales in 
Texas, Oklahoma, New Mexico, Arkansas and Louisiana. This 
office will handle the Division’s products including transistors, 
silicon rectifiers, and ferrites as well as developmental samples of 
micromodules and the newly announced germanium tunnel diode. 


The United States Department of Commerce in a recent report 
points out that the factory output of semiconducor devices, tran- 
sistors, diodes, and rectifiers increased 75% above that of 1958. The 
increase in the last few years has been as shown in the following 
table 


Year Millions of dollars 

1952 20 

1953 25 

1954 25 

1955 40 

1956 90 

1957 150 

1958 210 

1959 370 (preliminary figure) 


The Electronics Division, Business and Defense Services Admin- 
istration has reported an increase in the export of semiconductors. 
There was approximately a 12% increase for the first nine months 
of this year over last year’s figures 


Year Jan-Sept 
1958 $5,772,000 
1959 $6,461,000 


The Bureau of Mines in a recently issued report stated that 125 
million germanium transistors, diodes and rectifiers were produced 
in 1959. This is more than double the output for 1958. The elec- 
tronic industry consumed nearly all of the estimated 45,000 lbs of 
domestic produced germanium. 


The Bureau said that two major developments in germanium 
technology will have an important bearing on its future. These 
were the announcements by Westinghouse Electric Corp., of the 
successful growth of thin, uniform and flat ribbons of germanium 
in dentritic single crystals and by General Electric Co., that they 
now have available tunnel diodes in quantities. 


The Bureau also reported that shipments of selenium had grown 
from 737,000 Ibs. in 1958 to about one million lbs. or a gain of 36% 
in 1959. About one half of this was consumed in the manufacture of 
dry plate rectifiers. 


Hoffman Electronics Corp., Semiconductor Division has ap- 
pointed Radio Electronic Supply Co., Grand Rapids, Mich., and its 
subsidiary Rissi Electronic Supply Co., Detroit as distributors. 


Sylvania Electric Products Semiconductor Division has opened 
a sales office in Wilmington, Mass., to meet the increased demand 
for transistors and diodes in the New England area. 


Japan Electronic Industries Association has reported that Japa- 
nese semiconductor devices totaled 14 million units in October 1959, 
compared with 13 million units the month before. The association 


reports that the output of semiconductors is increasing about one 
million units a month. 


Prices 


The General, Electric Company has reduced prices from twenty 
to forty percent on its production models of silicon controlled 
rectifiers. The new prices range from $18.50 to $95.00 each on the 
eight models in the 16 ampere line; from $14.00 to $71.00 each on the 
eight types comprising the 10 ampere line; and from $24.00 to $114.00 
each on the seven devices in the inverter series. Prices on military 
low current rectifiers have also been reduced by 28% to 61%. 


Sperry Semiconductor Division of South Norwalk, Conn., has 
made price reductions of up to 37% in the IN690-IN693 series of 
high current, fast switching silicon diodes. Prices of the IN690 in 
100-999 quantities has been reduced from $4.45 to $3.05. Sperry has 
also announced that they have available the IN920-IN923 series, 
featuring 0.3 micro second switching of % ampere pulses. 


78 


Silicon Transistor Corp., Carle Place, N.Y., haseannounced price¢ 
reductions of about 35% on two high power-low saturation re- 
sistance silicon transistors. Prices of the 2N1069 are $60.40 for quan- 
tities under 100 and $40.25 for 100 and over. The 2N1070 is now, 
priced at $71.40 for quantities under 100 and $47.60 for 100 and over 


Hoffman Electronics Corp., has put into production two new’ 
silicon mesa transistors 2N696 and 2N697. The price of each iss 
$28.50 in quantities up to 99, and $19.00 each in quantities from 100 
to 999. : 


Raytheon Co., Semiconductor Division has introduced the CK942% 
p-n-p fusion-alloy silicon transistor. In quantities up to 99 they will. 
sell for $5.25 each, and at $3.50 each in quantities from 100 to 998.) 


Sprague Electric Co., North Adams, Mass. has announced a prices 
decrease from 5 to 10% on their metal-clad solid-electrolyte tan-- 
talum capacitors. Their hermetically-sealed solid-tantalum capaci-- 
tors have wide applications in transistorized electronic equipment. ; 


Standard Telephones and Cables, Ltd., London plans to market 
tunnel diodes in the United States through its parent firm, Inter-- 
national Telephone and Telegraph Corp. Sample prices will be: 
high but production models will be substantially less than $75.00! 
each in the United States. 


The Bureau of Mines has reported semiconductor material prices’ 
as follows per lb. 


$202.27-220.45 
$130.00-355.00 
$9.50 


Germanium refined 
Silicon transistor grade 
Selenium, high purity 


Fairchild Semiconductor Corporation has reduced prices across 
the board on its line of high performance diffused silicon tran- 
sistors. Typical of the revised prices are the 2N696 and 2N697 
all purpose NPN units which were reduced from $28.50 to $22.70 
in 1-99 quantities. Another item affected by the February 1 
adjustment is the 2N1131. Prices are down from $37.50 to $28.80 
in 1-99 quantities. These were first introduced to industry less 
than one year ago at a price of $75.00. 


Suppliers 


United States Transistor Corp., Syosset, N.Y., is now producing 
a complete line of germanium alloy junction and silicon transistors 
for use in communications devices and military components. Pro- 
duction for the present is set at $50,000 worth a month. When peak 
production is reached its capacity will be 35,000 transistors per day 
on a 16 hour shift. 


R.C.A. Semiconductor Division, Somerville, N.J., has an- 
nounced a new family of ten industrial “drift field” germanium 
p-n-p type transistors. These are said to operate with exceptional 
stability up to 50 megacycles and above in RF amplifier service 
and 125 megacycles and above in oscillator service. 


Sperry Semiconductor Division of Sperry Rand Corp., has 
widened their line of diodes and transistors by adding 44 new 
silicon devices. Included in this are 12 new general purpose 
diodes and 18 new computor diodes. 


Financial 


National Semiconductor of Danbury, Conn., has recently placed 
$500,000 in convertible notes for expansion. These funds will be 
added to the $650,000 raised six months ago at the founding of the 
company. : 


Transitron Electronics Corp., has made application to the New 
York Stock Exchange for original listing of its 7,877,500 outstand- 
ing shares of common stock, at $1.00 par value. 

(Continued on page 83) 
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Sure it does . . . and since the beginning of time most 
busy people never seem to have enough of it. So why waste 
valuable time hunting for that occasional semiconductor 
article in the ‘popular’ or ‘hobby’ magazines? SAVE TIME 
BY SUBSCRIBING TO SEMICONDUCTOR PROD- 
UCTS NOW! Why? . . . because it’s the ONE—it’s the 
ONLY journal published exclusively for the engineers and 
scientists working in the semiconductor and related in- 
dustries. 


§ E M \ C 0 N D U C T 0 R Pp R 0 D U we T $ has become the working tool of the engi- 


neer through original articles by the foremost authorities in the field—you’re aiways up to date on 
the newest transistors, diodes and rectifiers—latest research and development—new books in your field 
—free information service on the newest products on the market and financial news and market sur- 
veys. AND . . every month there is a continuation of Patent Review of semiconductor devices, 
circuits and fabricator techniques as well as a complete Semiconductor and Solid State Bibliography. 


YOU WON’T WANT TO MISS A SINGLE ISSUE—SUBSCRIBE TODAY! 


ITS BEEN SAID.. TIME IS MONEY’— SCP CAN SAVE YOU BOTH! 
SPECIAL GROUP SUBSCRIPTION PLAN -—When 5 or more individual one year sub- 


scriptions are purchased and prepaid at one time a substantial savings results. Each subscriber pays 
only $5.00 for a 12 issue subscription instead of $6.00. On a two year subscription, each subscriber 
saves $2.00 by paying $8.00 instead of $10.00. (Present subscribers may extend their subscription and 
still use the scale shown above.) Under the Group Subscription Plan each subscriber’s order must be 
filled out completely. Sign up a Group. Singularly or in a group—let SCP save you time and money! 
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Miniature Gold Preforms 

Miniature gold preforms, used in the : 
manufacture of semiconductor devices ; 
such as diodes and transistors, have been | 
made available by Alpha Metals. The tiny ' 
gold preforms are used as a high-tempera- - 
ture solder for attaching the wafer to the : 
base tab or for making electrical contact ; 
between leads and studs. The highly re- : 
fined gold approaches the 99.999% purity ° 
requirements of semiconductor junctions } 
and closures. Exemplifying the dimen- - 
sions involved are washers as small as} 


New Produets 


Silicon Mesa Transistor Line 

Hoffman Electronics Corporation re- 
cently announced two newly-developed 
silicon mesa transistors. These diffused 
junction, drift field mesa _ transistors, 
(JEDEC No.’s 2N696 and 2N697) are de- 
signed for use as high speed switching 
units operating at medium power levels 
and as very high frequency amplifiers. 
The only difference between the two is a 
higher DC pulse current gain in the 
2N697. This measures a minimum of 40 
and a maximum of 120 compared to a 
minimum of 20 and a maximum of 60 in 
the 2N696. 

Circle 111 on Reader Service Card 


Clad-Molybdenum Sheet 

The development of nickel-clad and 
copper-clad molybdenum sheet metal with 
improved soldering and durability char- 
acteristics was announced by General 
Electric Company’s Lamp Metals and 
Components Department. Clad molybde- 
num is expected to be used extensively 
in semiconductor products, such as silicon 
power rectifiers. Available in thicknesses 
from 0.010 through 0.080” and in widths up 
to 4”. Clad moly sheet can be supplied 
with cladding on one or both sides. Stand- 
ard thickness of the cladding (which is 
included as part of the specified thickness 
of the sheet) is 0.0005 to 0.001”. 

Circle 112 on Reader Service Card 


Silicon Computer Diodes 

Fast switching silicon computer diodes 
with U. S. Army Signal Corps Single 
Service specifification approval are now 
available from Rheem Semiconductor 
Corp. These Signal Corps types feature 
recovery times down to 0.3 microseconds 
with reverse voltages ranging up to 200 
volts. They are listed under type numbers 
IN643. (MIL-E-1/1171), 1N658 (MIL-E- 
1/1160), 1N662 (MIL-E-1/1139) and 1N663 
(MIL-E-1/1140). They are sealed in the 
standard glass package. 

Circle 135 on Reader Service Card 
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NPN Transistor 


2N717 is a high speed general purpose 
silicon transistor now available from 
Fairchild Semiconductor Corporation. 
Saturated switching times are tenths of a 
microsecond at one half ampere. Typical 
gain-bandwidth product is 100 mc. In low 
level amplifier service 2N717 provides 15 
db neutralized gain at 30 mc. Current 
gain is essentially flat over a two decade 
range of current. JEDEC TO-18 package 
permits 1.5 watts dissipation at room 
temperature. : 
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Silicon Controlled Rectifiers 
Five new P-N-P-N diffused silicon con- 


trolled rectifiers, the TI-110 series, were ° 


announced by Texas Instruments. TI-110 
through TI-114 provide output currents of 
1 ampere at 65°C case temperature and 
average rectified forward currents of 300 
ma at 125°C case temperature with peak 
inverse voltages and minimum forward 
breakover :voltages from 50 to 400 volts. 
The maximum gate current required to 
turn on the device is 20 ma with maxi- 
mum holding current of 25 ma and maxi- 
mum leakage current at PIV (or forward 
breakover voltage) of 1 ma. 
Circle 114 on Reader Service Card 
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Semiconductor Grade Phosphorus 

A new, ultrapure grade of elemental 
phosphorus of particular interest in 
semiconductor manufacture has been de- 
veloped by the Research Department, 
Chemical Division, of The American Agri- 
cultural Chemical Company. Electron 
mobility tests on gallium phosphide pro- 
duced from this phosphorus indicate a 
purity of 99.9999% or better. Presently 
available in quartz ampules of 30 grams 
net weight. In addition to its major appli- 
cation as an intermetallic in semiconduc- 
tors for high-temperature electronic sys- 
tems, phosphorus of this ultrapure quality 
finds use in electroluminescent coatings. 
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020” id. and .030” o.d. 
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Oven Control System 

A recent invention by Blue M Electric 
Co., replacing conventional on-off type, 
resistance thermometers and multiple 
switch-type controls, is their new Power- 
O-Matic 60 Saturable Power Reactor Con- 
trol with a fail-safe device called 
Range-Lock. Power-O-Matic 60 series of 
Mechanical Convection Ovens with hori- 
zontal airflow, utilizes a saturable power 
reactor, with a Hypersil core, in combina- 
tion with a stainless steel hydraulic bel- 
lows and variable gap inductor coil which | 
automatically varies the voltage (wattage) 
to the resistive load. This control system 
is completely stepless, switchless, and in- 
finitely proportional. Temperature is con- 
stant, straight-line and repetitive through- 
out the entire oven range. 
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Ultrasonic Cleaner 

An economical ultrasonic cleaner, the 
diSONtegrator System Forty, has been 
introduced by Ultrasonic Industries, Inc. 
A full half-gallon capacity model, it will 
now enable any company or small estab- 
lishment to take full advantage of ultra- 
sonic cleaning. It includes the Model 
G-40C1, a powerful 40 watt generator 
with an output of 90,000 cycles per sec- 
ond. The cabinet measures 10’L. x 8’W. 
x 534”H, and features only one control 
knob. 
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Dust Hood 

Critical laboratory, manufacturing, and 
inspection operations can be performed 
under dust-free conditions in a new dust 
hood manufactured by Air-Shields In- 
_corporated. “Microvoid” allows full visi- 
bility and unimpeded movement of arms 
and hands. Working area of the unit 
measures 34” long by 24” deep by 1914” 
high. It is rigidly constructed of optically- 
clear, quarter-inch “Plexiglas” with all 
edges fused and flame-polished to elimi- 
nate shadows, rough surfaces, and leak- 
age. Weight is only 35 pounds. 
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Power Supply Line 

A family of compact, transistorized reg- 
ulated power supplies designed to meet a 
wide range of requirements in original 
equipment, ground support systems, com- 
puters and laboratory has been introduced 
by Transistor Specialties, Inc. They are 
available in a range of models providing 
output ratings from 6 volts to 50 volts and 
currents up to 1 ampere for low voltage 
applications and up to 2000 volts at 1 ma. 
for high voltage service. All models utilize 
printed circuit construction. 
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Low Resistance Thermistor 

A new low resistance thermistor for use 
in liquid nitrogen temperature ranges has 
just been added to the Victory Engineer- 
ing Corp. line. The VECO 05A8 bead type 
thermistor has a resistance of 100,000 ohms 
at —195.8° C. and is hermetically sealed 
in a glass probe. This easier-to-read re- 
sistance value exhibits exceptionally 
high reliability, high sensitivity and fast 
time response. 
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Molded Transistor Transformers 

Ultra Miniature Molded Transistor 
Transformers have been announced by 
Microtan Company. The size of these 
epoxy molded units is 4%” diameter x 4%” 
high. Weight is 4 grams. Electrical ratings 
provide primary impedances of 400 to 
100,000 ohms and secondary impedances of 
11 to 2500 ohms. On special order, center 
taps and 130°C construction are available. 
Wattage ranges from 2.5 milliwatts to 8 
milliwatts. 
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Part of diffusion 
furnace room, 
Hoffman Electronics 
Corporation, 

El Monte, California. 
Process is one step in 
critical manufacture of 
silicon solar cells. 


Model JSBG 
Stepless 
Program 
Controllers 


Semi-conductors are grown by a 
highly integrated process, involving 
time-temperature control. Only the 
most precise control delivers the 


required quality, uniformity, efficiency. 


Leading producers of semi-conductors 
find best results from the market’s most 
compact, integrated Stepless Program 
Controller: by West. This unit infinitely 


modulates heater power and coordinates 


time-and-temperature control for even 


the most unstable systems. 


Also available: models combining 
Gardsman off-on, proportioning or 
3-position controllers with programming. 


All are tubeless and noted for 


minimum maintenance and operating 
requirements. Ask your West 
representative or write for 


Bulletin JSB and JG. 


WEST. vument- 
‘RATI 


SALES OFFICES IN PRINCIPAL CITIES 


4353C W. MONTROSE, CHICAGO 41, ILL. 


British Subsidiary: 
WEST INSTRUMENT LTD., 


the trend is fo WEST 


52 Regent St., Brighton 1, Sussex 


Represented in Canada by Davis Automatic Controls, Ltd. 
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-MICRO MANIPULATORS 


Ss 


Brinkmann features the most complete 
line of Micro Manipulators for scientific 
and industrial operations. Available with 
stereoscopic and compound microscopes 


at magnifications from 10 to 1000 x. Can 
be used singly or paired. Many accessory 
items such as automatic pipette pullers, 
micro injection devices, pipette holders 
and microvises are available. For com- 
plete details write Department M. 


KMANN 


INSTRUMENTS INC., 115 CUTTER MILL ROAD, GREAT NECK, NEW YORK 
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IS A CONSTANT AT RHEEM 


Scientists & Engineers—Physicists, Metallurgists, Physical Chemists, Electronic Engineers, ‘Process 
Engineers, Application Engineers, District Sales Managers, Sales Engineers, Jr. Sales Engineers 


A growth curve that sparks the imagination of any progressive individual. Right 
now, the scope and diversity of activities at Rheem Semiconductor Corporation are 
assuming impressive proportions. Some of the country’s best scientists and engi- 
neers are in charge of our spacious new facilities where the research, development 
and manufacture of semiconductor devices are constantly being expanded. Every- 
thing at Rheem points to a future filled with material success and professional satis- 


faction. It may be possible for you to share this future. We suggest that you inquire, 
now, into the specific openings available. 


We look forward to seeing you at the IRE Convention in New York, March 21 thru 24th. 
We will be at the Barbizon-Plaza Hotel, 106 Central Park South, New York City, and 
our telephone number will be PLaza 7-9572. If you do not plan to attend, 
your resume will receive our most serious and confidential consideration. 


RHEEM SEMICONDUCTOR CORPORATION 
Sia oiMirO tet ts Bo Ute Varta. Mountain View, California 
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Market News 
(from page 78) 


~ General Instrument Corp., has reported that for the nine month 
period, ending Nov. 30, 1959, it earned a net profit of $1,378,233 
equal to 90 cents per share. This was 43% higher than the 1958 
nine month figure of $960,717 or 70 cents per share. Sales increased 
20% to $41,277,875 from $34,161,392. Their backlog at the end of this 
period was $33,238,000. 


Expansions 


Knapiec Electro-Physics, Inc., of Palo Alto, a major supplier of 
grown silicon and germanium monocrystals has just completed 
its new plant facilities. The new addition, doubling the existing 
floor space will be used to expand the company’s research and 
development program. 


Glass-Tite Industries, manufacturer of hermetic seals and ter- 
minals for semiconductor relays, crystal bases and custom applica- 
tions has formed a new subsidiary, Escon Inc., which will special- 
ize in connectors with special emphasis on custom applications. 


Transitron of Wakefield, Mass., has purchased the former 
Maverick Mills plant in Boston containing some 40,000 square feet 
of space. This acquisition more than doubles the amount of space 
the firm has available in their Wakefield and Melrose plants. The 
firm plans to hire between 2000 to 3500 technical and non-technical 
persons to staff their Boston plant. 


Erie Resistor Corporation of Erie, Pa., has announced the open- 
ing of Electron Research, Inc., a wholly owned subsidiary, for the 
purpose of manufacturing semiconductor components and devices. 
Present production consists of a line of 37 standard and 20 special 
glass packaged germanium diodes. A line of miniature diodes will 
be introduced shortly. 


General Electric Co., plans to spend about $1 million for new 
facilities to increase production of transistors in 1960 in its semi- 
conductor plant in Buffalo. This addition is expected to result in 
the hiring of additional personnel. 


Lark Corp., Dallas, Texas has moved into the electronics field by 
purchasing the Santa Ana, Cal. Silicon Rectifier Division from 
Audio Devices Inc. 


Cornell-Dubilier Electric Corp., has purchased the United States 
Dynamics Corp., Boston, Mass. United States Dynamics is mainly 
a research organization but it does manufacture 12 ampere silicon 
diodes. 


General Telephone and Electronics Corporation has formed the 
General Telephone and Electronics Laboratories Inc., as a wholly 
owned subsidiary. The new company will be engaged in research 
activities in semiconductors, communications and other electronics 
fields. 


Contracts 


U.S. Transistor Corp., Syosset, N.Y., has received its first defense 
contract from Wright Field for $22, 000 for germanium p-n-p alloy 
junction transistors. 


Texas Instruments Inc., was awarded a $4.5 million contract by 
the newly formed Bureau of Naval Weapons for the production 


(Continued on page 95) 
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KEEPS MOVIN MOVING AHEAD! 
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DIFFUSED SILICON MESA TRANSISTORS 
GERMANIUM ALLOY JUNCTION TRANSISTORS 
—> SILICON CONTROLLED RECTIFIERS 
SILICON RECTIFIERS 

TUNNEL DIODES 


Associate yourself with Industro for 
new opportunities in professionally 


fulfilling, creative engineering. 


PROCESS 
ENGINEERS: Minimum Requirements: 


Two years semiconductor manufacturing expe- 
rience. 


B.S. in Electrical Engineering or Physics. 


The Assignment: Developing high yield tech- 
niques for premium quality semiconductors. 


APPLICATIONS 
ENGINEERS: Minimum Requirements: 


Two years of circuit design related to semicon- 
ductor product testing and applications. 


B.S. in Electrical Engineering. 


The Assignment: Liaison with sales organiza- 
tion involving customer application problems. 


QUALITY CONTROL 
ENGINEERS: Minimum Requirements: 


Two years experience in establishing and main- 
taining the highest standards of quality and 
inspection methods for all phases of semicon- 
ductor manufacturing. Must have thorough 
knowledge of Military Quality Assurance Speci- 
fications. 


B.S. in Electrical or Industrial Engineering. 
The Assignment: To insure that Industro 


semiconductors continue to remain at the high- 
est levels of quality in the industry. 


OUR ASSOCIATES ENJOY full fringe bene- 
fits, including stock options, hospitalization, 
group insurance ... plus salaries fully com- 
mensurate with experience and ability. 


Forward resumes or telephone: 
MR, ARCHIE McDOUGALL, Executive Vice President 


e@eeeeesteeeseeceoeeseeeeeeee 


TRANSISTOR 
CORPORATION 


35-10 36th Avenue, Long Island City 6, N. Y. 
EXeter 2-8000 seus 
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Because of the revolutionary bifilar friction- 
less (no pivot) movement, plus weightless 
light-beam pointer, GREIBACH PRECISION 
METERS withstand 100,000% overload 
surges. Then, for extraordinary overload risk 
applications, a special built-in Protective 
Circuit takes up to 125,000,000% overload 
surges without impairment. ~ 


Only GREIBACH offers such over- 
load immunity, along with: Sen- 
sitivity down to 0.2 microampere 
full scale. Accuracy better than 
WY of 1%. Energy dissipation as 
low as 4 x 10°*° watt. Permanent 
reliability. Mechanical ruggedness 
withstanding up to 500 G’s shock. 


GREIBACH PRECISION METERS are 
available in portable, bench and 
panel models with wide selection 
of ranges even up to 23 ranges 
in one meter: e.g., .2/.5/1/2/5/ 
10/20/50/100/200/500uA/1/2/ 
5/10/20/50/100/200/500MA/1/ 
2/5-AMP. 


Verify these extraordinary advan- 
tages by seeing actual demon- 
strations arranged upon request. 
ques 


FRICTIONLESS 
BIFILAR 
SUSPENSION 


MOVEMENT See us at the IRE 


Booth #3924 


Ask for Literature... 


Technical details as well 
as complete specifica- 
tions sent on request. 
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Sensistor Silicon Resistors 

Sensistor silicon resistors with values 
extending from 68 ohms to 18K +10% 
tolerance as standard items were an- 
nounced recently by Texas Instruments. 
Special values from 62 ohms to 2K with 
tolerances of +5% and +10% are also 
available. Extending the ohmic range has 
increased the capability of this light- 
weight solid state device to meet the 
urgent need for temperature-stable cir- 
cuitry. A large positive temperature co- 
efficient of 0.7% per °C and a constant 
predictable rate of resistance change with 
temperature make it ideal for tempera- 
ture compensation and sensing from 
—50°C to +200°C in high frequency cir- 
cuitry up to 20kmce. 

Circle 116 on Reader Service Card 


Germanium Tunnel Diodes 

The RCA Semiconductor and Materials 
Division is currently offering germanium 
tunnel diodes to the electronics industry 
for experimental purposes on a commer- 
cial sampling basis. The tunnel diode can 
permit a greatly increased parts density, 
withstand cosmic and atomic radiation, 
and permit electronic computers to make 
up to a billion “decisions” a second. Also 
feature low noise, insensitivity to tem- 
perature changes, low power require- 


ments, and freedom from surface effects. 
Circle 118 on Reader Service Card 


Transistor Chopper Kit 

Solid State Electronics Company an- 
nounces the availability of a new circuit 
designer’s plug-in transistorized chopper 
kit which contains Models 50P, 60P and 
70P. These units are plug-in versions of 
the Models 50, 60 and 70 solder-in types. 
They are capable of linearly switching or 
chopping voltages over a wide dynamic 
range which extends down to a fraction 
of a millivolt and up to 10 volts. Models 
50P and 60P are germanium units for op- 
eration from —55°c. to +99°c., whereas 
the Model 70P utilizes silicon transistors 
exclusively for high temperature applica- 
tions up to 150°c. 
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Silicon Transistor 


Fairchild Semiconductor Corporation 
announces the 2N698, a high voltage dif- 
fused silicon transistor. The 120 volt col- 
lector to base rating allows wider voltage 
swings in amplifier and oscillator circuits 
plus more protection in inductive switch- 
ing circuits. Maximum base saturation 
voltage is 1.3 volts. Has typical gain- 
bandwidth product of 90 me. Typical 
neutralized power gain at 30 mc is 18 db 
and 2N698 will attain 30% oscillator ef- 
ficiency at-70 mc. Power rating in TO-5 
package is 2 watts at 25°C case tempera- 
ture. 
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Youre 
Invited 


to see 


the following 
TRANSISTOR 


manufacturing 


equipment: 


e THERMOCOMPRESSION 
WIRE BONDERS 


¢ “DICE-TO-HEADER”’ 
ALLOYERS 


¢ MICROPOSITIONING 
DEVICES All Types 
¢ CRYSTAL SCRIBERS 


°* WHEN MAKING YOUR 
PLANS FOR THE IRE 
SHOW, CALL OR WRITE 
TO ARRANGE FOR A 
DEMONSTRATION _ IN 
PHILADELPHIA. 


And if you can’t make it 
K & S will be pleased 
to arrange a demonstration _ 


at your convenience. : 


Kulicke and Soffa 


PHILADELPHIA 23, PENNSYLVANIA 
WAlInut 5-406] 


Kulicke and Soffa 
1234 Callowhili Street 
Philadelphia 23, Pa. 


WAlInut 5-4061 


{J | plan to see the K & S demonstrati 
in Philadelphia eke 


L] Please send more details 


*F8 (eile, 'e) 6.6,;0lts'leliwiie)| 0) sl el/a cs Teiloheleiwaeliepeieieie 
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UHF Mixer Diodes 

The Semiconductor Division of Semi- 
Elements, Inc., has entered production on 
UHF Germanium Mixer Diodes which 
are precision designed and manufactured 


special for 1000 megacycle Mixer applica- N EW S F Ml CO N D U CTO R 
tions. Five different types are being pro- 
duced, DC7, 7A thru 7D. d-c Current T FETI F EAS T Q 


— 


(WITH STABILIZED SPARK GAP) 


average (Maximum) 25 ma, d-c Current 
Peak (Maximum) 75 ma, Temperature 
Range (Maximum) —50 to +75°C, Op- 
erating Frequency (Maximum) 1000 me, 
Dissipation (Maximum) 250 mw. 
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Switch Transistor Line 

A new line of PNP silicon high speed 
switching transistors is available from the 
semiconductor division of Hughes Air- 
craft Company. The new series, designated 
as Types 2N1254 through 2N1259, provides 
a range of betas from 15 to 50, and a 
range of collector-to-emitter voltages 
from 15 to 50 volts. Operating temperature 
range is from —65°C to +160°C. They 
are also finding use as high frequency 
amplifiers in the 50 mc range, according 
to the company. Applications in this area 
include IF strips for missile telemetering 
systems. They also provide the designer 
with an opportunity to employ circuits in- 
volving NPN-PNP combinations. 
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Subminiature Rectifiers 
Solitron Devices, Inc., introduces a new 
line of hermetically encapsulated in 
metallized ceramic (L5 steatite and in 
high alumina to Mil-T-Spec) diffused 
silicon rectifiers. These subminiature rec- 
tifiers 300” long x .200” O.D., are avail- 
able at 750mA- 200, 400, 600, 800 and 1000 Fully Stabilized Spark Gap to simplify measurements. 
volts, P.I.V. ? 5 +. 
Circle 133 on Reader Service Card Fully shielded, extraneous noise eliminated. 


New Semiconductor Lifetime Measuring Equipment in a single package with im- 
proved versatility, operating convenience, and higher sensitivity for most semicon- 
ductor materials. 


Completely self-contained. The only additional equiment required is a good scope. 
Measures Lifetimes from 1 microsecond up. 


Ingots with 1 ohm centimeter resistivity can now be measured with the new LM-2 
Lifetime Tester without the use of a pre-amplifier. 


Simple operation and fast results make this equipment exceptionally suitable for 
Production Testing of Semiconductor materials. 


SPARK 
Clip Mounted Lite 
Transistor Electronics Corp. announces MODEL POTENTIAL PRICE 

the release of their Clip Mounted Lite as LM-1 10 KV $1,250.00* 
the newest addition to their line of indi- LM-2 20 KV $1,750.00* 
cators. The CML-Series features single 30 KV $2,250.00* 
unit construction and press-on clip LM-3 0 Fai 
mounting. It mounts in a .294” hole and 
the circular clip permits mounting on 14” 
centers. Availible with a choice of neon 
or incandescent lamps, a choice of colors 
and with or without hot stamped legends. SPARK 
Connectors are by means of .040” plated 


terminals. MODEL POTENTIAL PRICE 
Circle 148 on Reader Service Card Ls-1 10 KV $ 850.00* 


LS-2 20 KV $1,250.00* 
LS-3 30 KV $1,750.00* 


Also available as Light Source, complete with table, stand and 
power supply. 


* Slightly higher for 50 cycle operation. 


ELECTRO IMPULSE Laboratory 


208 River Street e Red Bank, N.J. e Phone: SHadyside 1-0404 
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oS SIGMUND COHN CORP. 
121 South Columbus Avenue 


METALS and ALLOYS 


For Use in the 


SEMI-CONDUCTOR 


As 
pe lon 


New methods have been developed in the Sigmund Cohn labora- 
tories for the refining and processing of precious metals. These 
include alloys of Gold, Platinum and other metals in the form of 


wire, sheet and stamped products required by the Semi-Conductor 
industry. Other special products are electroplated wire and strip 
as well as Rhodium and Gold plating solutions. 


See the Sigmund Cohn 
Exhibit at the I.R.E. Show 


Write for this New & 
Brochure; no obligation 
® 


Specialists in the Unusual 


Since 1901 


YM 
TT Up 


pill 


UL 


* Mount Vernon, N. Y. 
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regenerating bench was developed pri 
marily to 


Semiconductor Alloying Furnace 
The Sandland Tool and Machine Com 
pany has started production of a net 
continuous firing, inert atmosphere az 
loying furnace. Model 20-D-2 was dd 
veloped for producers of high qualiti 
semiconductor devices. It has provision 
for precise control of temperatures up-1 
1875°F, precision control of speeds frop 
54¢ to 4” per minute, and can maintain a: 
inert atmosphere in the entire furnace. . 
Circle 120 on Reader Service Card 


Resin Separator And Regenerator 
The Penfield Mfg. Company Model SR- 


supplement and provide 

means of using Model T-20 and PM- 
deionizers in order to produce the highes 
possible quality of deionized water suc: 


Consists 


as used in manufacturing semiconductors 


of two cast polished acrylil 


plastic tubes, 10” in diameter x 50” high 
mounted on a stainless steel cabinet wit’ 


complete stainless steel resin dump sump 
drains, back 


splash plate and noni 


corrosive resin transfer pump and con: 
ductivity meter. All valves, piping ane 
instrumentation necessary for the com: 
plete operation and final discharge to th: 
canisters are incorporated in bench. 
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Electronic Component Cases 


High temperature epoxy electronic com: 
ponent cases are now available in a wid 
range of round, square and rectangulai 
shapes and sizes from Plastronic Engi 
neering Company. These cases serve a: 
molds during potting of the electroni 
components, and simplify assembly lin« 
operations. In addition, they insure ths 
required minimum amount of epoxy ma 
terial around the encapsulated compo 
nents and eliminate secondary patchin; 
operations frequently necessary with cas 
packages. 


Circle 144 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e MARCH 196( 


Silver Solder Rings 
A new line of precision silver solder 
_preform rings, designed for high speed 
soldering at temperatures ranging from 
1150° to 1800°F, is now available from 
_Alloys Unlimited, Inc. Depending upon 
the application, rings can be supplied with 
an overlap, a gap or with ends butted in 
diameters from .003 to .375” and with an 
almost unlimited range of inside diam- 
eters. The rings consist of an accurately 
predetermined amount of a specific silver 
solder alloy. This assures melting at the 
proper temperature and the correct vol- 
ume of solder. 
Circle 127 on Reader Service Card 


Ceramic Capacitor 

A high-temperature ceramic capacitor 
about twice the size of a pin head in 
values to 100 mmf has been developed by 
Vitramon, Incorporated, for use in en- 
eapsulated circuits. Called the “VK”-U 
series, these capacitors are designed for 
operation from —55° to 150°C at 200 vde 
without derating. Other members of the 
same family offer values to 10,000 mmf in 
a progression of sizes to a maximum of 
0.265” square by 0.070” thick. All units 
are guaranteed to minimum life of 1000 
hours at maximum temperature and 
200% of rated voltage after encapsulation. 
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Wafering Machine 

Micromech Manufacturing Corp., an- 
nounces the new Roton Table Drive Model 
of the Micro-Matic Precision Wafering 
Machine. Insures greater production ef- 
ficiency in cutting germanium, silicon and 
other difficult-to-work materials. By pro- 
viding a rolling rather than sliding fit 
between screw and nut, it gives a vir- 
tually frictionless drive thus allowing 
better slow speed control, higher rapid 
return speed as well as eliminating motor 
burnout. 
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Microwave Mixer Diodes 
A new low in over-all noise figure in 
microwave mixer diode applications has 
been made possible by a matched pair of 
Ku band silicon microwave diodes, an- 
nounced by Sylvania. Available in both 
forward and reverse polarities, when used 
as matched pairs, they virtually eliminate 
local oscillator noise, and will “provide a 
receiver system with a realistic 7.5 db 
over-all noise figure at the Ku band 
(16,000 me region). Types 1N78D and 
IN78DR effectively isolate the antenna 
and local oscillator terminals; also fea- 
ture a maximum operating temperature 
of 150°C and complete hermetic seal. 
Circle 121 on Reader Service Card 
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ENGINEERING TALENT... 
VALUABLE TIME... 
ON TEST PROBLEMS 


Why waste valuable engineering time and talent on semi-conductor 
test problems when Measurements Research can solve them for you? 


Typical transistor parameters successfully automated by MRC include: 


* Collector and emitter breakdown voltage 

¢ Collector and Base Cut-Off Current 

¢ Reach Through Voltage 

¢ Saturation voltage and saturation resistance 
¢ Output capacitance 

¢ Common emitter forward gain (to 100 MC) 

¢ Common base forward gain 

© Power output (as functional oscillator at 200 MC) 
¢ Base spreading resistance (to 250 MC) 

¢ Noise figure at 100 MC 

¢ Rise, fall and storage time 


This set automatically tests for 8 differ- 
ent parameters, from D.C. to 250 MC 
at a rate of 600 units per hour. Completely automatic in operation, the 
tester is typical of MRC’s integrated electro-mechanical design, develop- 
ment and production facilities. For assistance in life testing, aging, auto- 
matic sorting, data retrieval and statistical evaluation, call on MRC first. 


Watch for MRC’s new line of laboratory test equipment for diodes and 
transistors. Specific inquiries invited 


Specialists in the solution of difficult meas- 
urement problems, MRC offers engineering 
assistance in answering your test require- 
ments. Write, wire or phone for details to 
Measurements Research Company, Castor & 
Kensington Aves., Philadelphia 24, Pa. 
JE 5-1179. 


MEASUREMENTS (RESEARCH CO. 


PRUDENTIAL 
UNDUSTRIES) 


MEASUREMENTS RESEARCH 
COMPANY 


DIVESTOWN. OF PRY DEN TIALS “UN DUS TRLE S > HNIC 
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f = Instantaneously! 


Transistor Frequency (ft) Response Meter 
Model F-20 


SPECIFICATIONS: 
© Frequency Range (fr) 
© Accuracy 


© Power Consumption 
(exclusive of transistor under test) 


© Self contained collector 

bias voltage for transistor under test 
© Self contained emitter 

bias current for transistor under test 


© Size 


FEATURES: 


© Direct reading, fp, in mc/sec 

@ hye by simple calculation 

© Polarity PNP, NPN 

© Simple, direct, and precise instrument 
calibration 

© Provision for external biasing of transistor 
under test beyond Vop—15 vy, 
10 ma 

e Provision for automatic recording 

© Transistorized; Long Life 

© Self contained; battery powered, ready 
for immediate operation 


Meleculae't Electionte 


50-750 mc/sec 
SE yh 

Less Than 250 
Milliwatts 


0-15 volts in 
1.5v_ steps 


0-10 ma in 
1 ma steps 


14” Wx9” Dx 97H 


APPLICATIONS: 
© Tests all transistors, silicon or germanium, 
within frequency range 


© Suitable for laboratory testing and eval- 
vation 


© Suitable for production testing 
© A tool for transistor design 


© Suitable for determining frequency re- 


sponse variation with bias voltage and 
current 


© Rapid Testing 


ee West 50th Street e New York 19, N. Y. 
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Silicon Crystal Growing Furnace 

Hoffman Electronics Corporation has 
announced a new semiautomatic crystal 
growing furnace with triple production) 
capacity. The furnace also is automated 
to reduce operational man hour require-+ 
ments by 75 per cent. It produces mono-: 
crystalline silicon three times faster by 
growing ingots three times larger in the: 
same period of time. Using the Czochral- 
ski method, it is capable of growing ant 
ingot weighing up to 530 grams in 150! 
minutes or less. 
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Parts Cleaner 

Cobehn Precision Parts Cleaner (Mode! 
RT-S-8-6) critically cleans  sensitives 
switches, relays, choppers, semiconductors: 
and other precision components and as=- 
semblies at the rate of 600 units an hour- 
Parts are mounted around the periphery; 
of a rotary turntable and automatically; 
indexed to successive, high-velocity,’ 
spray-clean operations. A finely atomized: 
spray of Cobehn solvent is combined with: 
heated and filtered air and _ directed: 


against all areas. 
Circle 125 on Reader Service Card 


Precious Metals 

Gold, silver, platinum and other precious 
metals in the pure state or alloyed with N 
and P type materials are now available 
to the most stringent semiconductor spe- 
cifications from Western Gold and Plati- 
num Company. They are provided as fine 
diameter wire, ribbon, sheet, rings and 
preforms. Wesgo ceramics with up to 
99.5% A1.0, for good thermal conductivity 
and high mechanical strength are ideal 
for use in semi-conductor packages. 
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Miniature Ceramic Capacitor 

Cornell-Dubilier Electric Corp. an- 
nounces the addition of a new, low-volt- 
age, miniature ceramic disc capacitor to 
its “Tiny Mike” series. Designated as 
Type H, this capacitor is designed to meet 
the limited space, low-voltage require- 
ments of transistorized radios, portable 
wire and tape recorders, electronic timing 
devices and a wide variety of other minia- 
ture battery-powered and line-powered 
equipment. Operating temperature range 
is +10°C to 485°C; working voltage is 
50 volts DC. 
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Silicone Varnish 

An all-new Class H silicone dipping and 
impregnating varnish that is as easy to 
process as most Class A and Class B var- 
nishes has just been announced by Dow 
Corning Corporation. Designated Dow 
Corning 980 Varnish, this new material 
cures in only six hours at 150 C. Meets 
AIEE requirements for use in 220 C sys- 
tems and has great heat stability. It re- 
sists moisture and is unaffected by many 
corrosive atmospheres. 
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succeed 
in 


This year as never before, stimulating lifetime success careers at Texas Instruments await electronic 
specialists with scientific and engineering talents in the semiconductor field. ™ Rapid professional 
growth and recognition matched with solid financial security. @ Broad latitude in thought and 
action and most advanced facilities and personnel policies permit maximum productive creativity. 
= Immediately available— among many other exciting success career openings— are key division 
posts as Device Development and Circuit Development Engineers. ™ You qualify for the former if 
you hold a degree in Electrical Engineering, Physical Chemistry or Physics and have experience in 
S/C or related development areas. m You are eligible as a Circuit Development Engineer if you have 
an Electrical Engineering degree and knowledge of transistor circuitry. 


TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P. O. Box 312, Dept. 103, Dallas, Texas 


If you qualify for these positions, please 
send resume immediately to C. A. BESIO, 
Dept. 103. Whether or not you apply now, 
send for TIPS and get acquainted with 


Please send without obligation, TIPS, con- 
T/I’s Semiconductor-Components Division. 


oe 
| 
| 
| 
taining detailed information about all | 
current T/I S-C openings, personnel poli- | 
cies, Dallas living costs, etc. | 
| 
| 
| 
| 
| 
l 


NAME 
ADDRESS 


TEXAS rf INSTRUMENTS 


INCORPORATED 


CITY STATE 


SEMICONDUCTOR —- COMPONENTS DIVISION Iama Engineer. 
POST OFFICE BOX 312 « DALLAS. TEXAS Se ea a ee ed a ee aes 


Quacker than a ae major 


_ source of supply in America. A verbal 
order from an Avnet customer puts the gears 
in motion. To meet customer requests, 

75% of all orders are received by Avnet, 
processed, assembled and shipped before 
written confirmation arrives. 


Electronic Designers, Engineers and Purchasing 
Men rely on Avnet's speed of shipment. 


Speed of delivery is available to you from 
Avnet Service Centers and Stocking Facilities in: 
Los Angeles, Cal., Sunnyvale, Cal., Chicago, Ill., 
Dayton, Ohio, Westbury, L. |., Waltham, Mass. 


AVNET 


AVNET ELECTRONICS CORP. 


Avnet distributes from most stocking facilities: BENDIX SCINTILLA CONNECTORS, SPERRY SEMICONDUCTORS, ROBERTSON 
SPLICE & CONNECTOR CASES, VIBREX FASTENERS BY GENERAL TIRE & RUBBER CO., U. S. SEMCOR SEMICONDUCTORS, 
SANGAMO CAPACITORS, SPRAGUE CAPACITORS. our 
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Pulse Sampling System 

Recurrent signals faster than the normal 
capabilities of Tektronix Type 530, 540, 
and 550 Series Oscilloscopes can be ob- 
served with the Tektronix Pulse Sampling 
System. Risetimes to approximately 0.6 
msec (bandwidth to 600 mc) can be in- 
vestigated. Displays with apparent sweep 
times of as little as one nsec can be pro- 
vided (with magnifier, 100 picoseconds/ 
cm). Provides general purpose medium 
and low speed service, convenient trigger 
takeoff, precise pulse generator with repe- 
tition rate of 720 pulses/sec nominally and 
risetime less than 0.25 nsec, ample signal 
delay, superior synchronizing, bright dis- 
BY: and high basic repetition rate to 100 

Cc. 
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Vacuum Baking Oven 

E. J. Stokes Corp. announces an im- 
proved version of their vacuum “baking 
oven” for outgassing and sealing semi- 
conductor components under high vac- 
uum. The manufacture of these compo- 
nents calls for the fabrication and 
assembly of thin slices of crystallized 
silicon, germanium, and other highly re- 
active materials. Outgassing these mate- 
rials calls for a very high vacuum; certain 
other operations, such as fusing or sealing 
the component into the sub-assembly, re- 
quire moderate amounts of heat and must 
therefore be carried out in a non-oxidiz- 
ing environment. This oven is a self-con- 
tained “package” unit which produces 
this environment and provides an efficient 
method of carrying out these operations. 
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Freon-Sonic Energy Cleaning System 
Combining the advantages of Sonic 
Energy with the use of Freon as the 
solvent, a new system for highly critical 
cleaning applications was announced by 
Bendix Aviation Corporation, Pioneer- 
Central Division. For applications in 
which residual molecular film character- 
istic of chlorinated solvents, or where 
contact with water cannot be tolerated, 
the new system offers particular quality. 
Especially recommended for cleaning 
parts made from or containing beryllium, 
for ultra precise electronic components, 
or for other parts or assemblies, which 
are incompatible with hydrous solutions, 
but require absolute elimination of con- 
taminants. 
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Lead Telluride Photocell 

A photoconductive cell for use in the 
infra-red regions is available from Inter- 
national Electronics Corp. Using cooled 
lead telluride, the 63 TV has a spectral 
response range of 0.6 to 6.0u with a peak 
response of 4.2u. The sensitivity of the cell 
is 1300 Volts rms per watt (peak to peak) 
and the signal to noise ratio is 500. These 
measurements are from a black body at 
200°C. Increasing the temperature from 
200°C to 500°C increases the sensitivity 
by 25. 
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Military Type Diodes 

Seven diodes designed to meet latest 
military specifications were announced by 
Silicon Transistor Corp. Three of the sili- 
con glass diodes are general purpose 
types and four are fast switching. The 
general purpose types are: JAN types 
1N457, 1N458, and 1N459. Of the fast 
switching types, there are: Signal Corps 
types 1N662, 1N663, 1N643 MIL and 1N658. 
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Miniature Soldering Iron 

A completely new type soldering iron 
has been developed by Caig Laboratories, 
known as the Ersa Minitype. The power 
supply for this low voltage (6 volts) iron 
may come from a battery or a special low 
voltage transformer. It has a 5 foot, light- 
weight, twin-cable, securely molded to 
the plastic handle and plug; weighs only 
3 ounces. The slim shaped heating units 
of 10, 20 or 30 watts may be interchanged 
in the streamlined handle, in a matter of 
seconds to the desired wattage. A heat- 
up period of 40 seconds is sufficient. Has 
built-in protection against capacitative 
stray effects from mains which could 
damage transistors or endanger the op- 
erator. 
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Hydrogen and Oxygen Leaks 

The Jeps Co., formerly the Vacuum 
Products Division of Thomason Chemicals, 
announces the availability of a Hydrogen- 
Palladium Leak and of a new model of 
their Oxygen-Silver Leak. The obtainable 
leak rates are 0 to 100 micron-liters/ 
second for hydrogen and 0 to 1 micron- 
liter/second for oxygen. The leaks may be 
sealed directly to hard glass systems. 
Graded seals are available for attachment 
to metal or other systems. 
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for maximum reliability 


TRANSISTORS 
COOL 


Keep transistors at or . 
below maximum 
operating temperatures 
with these new 
Birtcher Transistor 
Radiators. Provides the 
transistor with its 

own heat sink and a 
greatly increased 
radiating surface. Easy 
to install in new or 
existing equipment. 
Modifications to fit 
hundreds of popularly 
used transistors. 


KEEP: 


FOR CATALOG 


test data 
write: 


FOR MOST JETEC 30 TRANSISTORS 


New Diffusion Furnaces 

A line of precision engineered gaseous 
and solid diffusion furnaces for the man- 
ufacture of quality transistors and semi- 
conductor diodes has been announced 
by the Pilot Plant Equipment Division of 
Lindberg Engineering Company. Furnaces 
are available in single and multiple zone 
models, depending upon the temperature 
uniformity desired. Multiple tube models 
can be supplied, where floor space is at a 
premium. 
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PNPN Diode Switch 

A silicon pnpn diode capable of 
switching at extremely high speeds has 
been developed at Bell Telephone La- 
boratories. This device is useful in 
switching moderate amounts of power 
with extreme rapidity. Turn-on time is 
approximately ten millimicroseconds and 
turn-off time is about the same, in- 
cluding the storage time of the charge 
carriers, which is around 4 millimicro- 
seconds. More refined measurements 
show that current is down four orders 
of magnitude in less than 100 millimicro- 
seconds. Several watts of power can be 
switched by this device. 
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(Jetec Outline TO-9) 


with NEW 


BIRTCHER 


TRANSISTOR 


RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 
SALES REPRESENTATIVES. 


and THE BIRTCHER CORPORATION 


industrial division 


4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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MEASURE 
JUNCTION 
THERMAL 
IMPEDANCE 

| REPRODUCIBLY 


BS 


ae 


PEE 


oS 


BE 


TEST 
CONTROLLED 
RECTIFIERS 


DYNAMICALLY 


RECTIFIER 
AT 1500 VoLts 


ooo We Can! 


BRING YOUR 
DIODES AND 
HEAT SINKS TO 


BOOTH +3006 


WALLSON 


Beoco OCA E'S TNC! 
912-914 Westfield Ave., Elizabeth, N. J. 
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Automatic Battery Chargers 
Christie Electric has announced a com- 
plete line of Automatic Battery Chargers 
for lead Acid, Nickel Cadmium, Silver 
Zinc Cadmium and Edison batteries. All 
units employ highest quality Silicon 
power rectifiers; and for stability and re- 
liability Silicon diodes are also used in 
the control circuit. The standard line in- 
cludes models ranging from 6 to 120 volts, 
0-125 amperes output. Close end voltage 
regulation (+1%) is maintained for a 
change in a-c line voltage of (+10%). 
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Transistorized Power Supplies 

Quan-Tech Laboratories announces a 
new series of transistorized power sup- 
plies, #120, featuring highly regulated, 
low ripple output. Regulation of the solid- 
state, low-voltage power supplies is 
+0.01% or +3 mv from no load to full 
load or from 105V to 125V line. Ripple is 
less than 500 microvolts RMS. The four 
units, Models 121, 122, 123 and 124, have 
distinct but overlapping output voltage 
and current ranges—from 0.1 to 50 volts 
de, and 0 to 5 amps. 
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Miniature Voltage Regulators 

Highly regulated DC from unregulated 
DC sources is obtained by using the Valor 
Instruments transistorized Voltage Regu- 
lator. Output voltages ranging from 6 to 
35 VDC are available from inputs rang- 
ing from 24 to 45 VDC. Specifications: 
Ripple Reduction 500:1 typical; Line 
Regulation +0.1% or 10 mv whichever 
greater; Load Regulation 50 my for 
0-0.5 amp load change; Residual Noise 
1 mv typical; Output Impedance 0.10 ohm 
maximum, DC-5KC; Size 3” x 3” x 5’; 
Weight 16 oz. 
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Remote Masking Spray Coater 

The development of a new machine, 
Model HD-2, for the accurate coating of 
coxial lead components by spray methods 
at a rate of 4000 per hour has been an- 
nounced by Conforming Matrix Corpora- 
tion. A resinous composition, such as an 
epoxy compound, can be used to com- 
pletely form a light-tight seal for se- 
lenium diodes and other small electrical 
and electronic components, provided the 
coating material is sprayable. 
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Transistorized Power Packs 

Era Pacific, Inc., has added new units to 
its line of HYPAC miniaturized solid state 
high voltage DC power supplies. These are 
static semiconductor designs which in- 
clude 1000-volt, 3000-volt and 5000-volt 
units with current ratings at 2 MA. Other 
specifications include input 105-125 VAC, 
60 or 400 cps., line or load regulation bet- 
ter than +0.5%, ripple less than 1% RMS. 
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: FRANK STACY 
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| 


TOM McCALL & 
ASSOCIATES, INC. 


8 S. Dearborn Street 


Chicago 3, Ill. CEntral 6-6972 
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Semiconductor Preforms 

Lead-antimony preforms for n-p-n 
type transistors are now available from 
Alpha Metals, Inc. The alloy combina- 
tion most commonly used consists of 
-90% lead, 10% antimony, and has a 

melting point of 252° C. Other alloy 
combinations, too, are available. The 
purity of the metals used exceeds 
99.999%. They are available as spheres, 
discs, cylinders, cubes, and are also 
preformed into drops, washers, rings 
and special shapes. Alpha fabricates this 
alloy as cylinders with a diameter of 
.008” and a thickness of .010” in produc- 
tion quantities. 


Rectifier Power Supplies 

A complete line of semiconductor Recti- 
fier Power Supplies for the production 
and testing of tantalum and other elec- 
trolytic capacitors, has been announced by 
Sel-Rex Rectifier Division, The Meaker 
Company, Subsidiary of Sel-Rex Corpo- 
ration. The equipment is said to utilize 
newly developed, non-aging silicon or 
selenium elements, and vernier-controlled 
automatic programming for simple and 
precise adjustment of completely auto- 
matic formation process cycles. 
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High Frequency Oscilloscope 
A direct numerical reading oscilloscope 
has been introduced by Allen B. Du Mont 
Laboratories, Inc. The new high-fre- 
quency oscilloscope Model 425 is classed 
as an analog to digital converter. As a re- 
sult of direct reading, accuracy is in- 
creased because the possible errors in 
interpolating and converting mathemati- 
cally have been eliminated. Consists of 5 
modules which may be interchanged. Can 
be operated by unskilled personnel and 
used for virtually every production line 
or industrial manufacturing process. 
Circle 115 on Reader Service Card 


Use Convenient Cards 
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BIG 
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is to see... 
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to BOTTOM 
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and RADIO-ENGINEERING SHOW! 


I doesn’t matter ow you manage it —by starting at the 


fourth floor with Production Items 


3, On to the third floor for 


The opportunity to see SO MUCH that’s 
NEW in the radio-engineering field comes 


Instruments and Systems, then down to Two and One for but once a year with this giant IRE National 
Components — or the reverse — what does matter is that you Convention and Radio-Engineering Show. 
see ALL there is to see at the IRE National Convention and Be UP on your field with a thorough knowl- 
Radio-Engineering Show at the New York Coliseum, March edge of the displays and exhibits that will be 
21-24. You could even take in one floor 2 day! Remember, shown as NEW IDEAS in RADIO-ELEC- 


there are 4 BIG FLOORS.. 


REME, 


.and 4 BIG DAYS...so, plan 
your trips to the Coliseum so that you don’t miss anything. 


“The IRE NATIONAL CONVENTION 
Waldorf-Astoria Hotel 


TRONICS, from the top fourth floor to the 
bottom first floor, at the New York Coliseum! 


MARCH 21, 22, 23, 24 


The RADIC ENGINEERING SHOW 
Coliseum, New York City 


The Institute of Radio Engineers - 1 East 79th St., New York 21,N. Y, 


NEW-COOLS TRANSISTORS 


GETS 46 WATTS 
AT ROOM 
TEMPERATURE 


crm 0.5 10 15 
INCHES H20 1) 5) 1.0 


INPUT AIR (SEA LEVEL) 


MORE EFFECTIVE AIR COOLING 
PERMITS HIGHER WATTAGE OUTPUT 


POWER TRANSISTORS mounted in our newly de- 
veloped LF-100 Series Heat Exchangers generate 
up to 46W (with some transistors 50W) without 
the junction temperature exceeding a safe 95°C. 
They are designed to operate in a ducted air 
flow from one to fifteen cfm. The above graph 


©) 


pam, DEPT. F 319 W. 


Patent 
Pending 


shows the thermal impedance between stud root 
and input air to be as low as .7°C/watt. The 
same principle is applied to our 200 Series Heat 
Exchangers (not shown) which operate in un- 
ducted circulating air. These Exchangers also give 
remarkable results. Send for complete informa- 
tion. 


Vasket manufacturing company, ine. 


17TH STREET, LOS ANGELES 15, CALIF. 
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Personnel Notes 
(from page 29) 


Eastman Kodak Co. of Rochester, N. Y. 
where he was a senior design engineer. 
A graduate of the Carnegie Institute of 
Technology, Mr. Fisher formerly taught 
at the Rochester Institute of Technology 
and also spent three years with the U. S. 
Navy submarine service as an electronics 
specialist. He is a member of the Amer- 
ican Institute of Electrical Engineers. 


Dr. Murray Bloom has joined Pacific 
Semiconductors, Inc. to conduct research 
in organic chemistry, it was announced 
by Dr. Harper Q. North, president. Dr. 
Bloom was formerly associated with the 
American Potash and Chemical Co., and 
in his new affiliation will work with Dr. 
T. C. Hall in semiconductor surface re- 
search studies. The new PSI scientist 
received his Ph.D. degree from the Uni- 
versity of California at Los Angeles in 
1955. 


Dr. Lloyd T. DeVore has been ap- 
pointed director of engineering of the 
Laboratories Division, Hoffman Elec- 
tronics Corporation, President H. Leslie 
Hoffman announced. Mr. Hoffman said 
the appointment was made to coordinate 
more effectively the division’s research 
and engineering activity with advanced 
research at the Hoffman Science Center 
in Santa Barbara, Calif., which Dr. De- 
Vore also heads. The new engineering 
director joined Hoffman a year ago, as a 
corporate vice president and director of 
the Science Center. 
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Anthony S. Gregorio has been ap- 
pointed Product Engineer for diodes by 
Sperry Semiconductor, So. Norwalk, 
Connecticut. Mr. Gregorio comes to 
Sperry with thorough semiconductor ex- 
perience, first at Sylvania Electric and 
then at CBS Electronics, where he was 
Engineer-in-Charge for Diodes. He 
studied Physics at M.1.T. and participated 
in specialized industrial study programs 
at Northwestern University. He is a mem- 
ber of the Institute of Radio Engineers, 
American Statistical Association and the 
American Society for Quality Control. 


Thomas J. Murphy has been appointed 
Washington, D. C., Area Sales Engineer 
for Fairchild Semiconductor Corporation. 
He will maintain an office in the Fair- 
child Camera and Instrument suite, 1027 
Cafritz Building, 1625 Eye Street, N. W., 
Washington, D. C. Fairchild Semicon- 
ductor recently became a wholly owned 
subsidiary of Fairchild Camera and In- 
strument Corporation. 


The appointment of Jackson S. Kolp as 
product line manager, germanium switch- 
ing transistors for the Semiconductor 
Division of Sylvania Electric Products 
Inc., has been announced by Elmer J. 
Perry, divisional manufacturing manager. 
In his new post, Mr. Kolp will be re- 
sponsible for product engineering and 
production of NPN and PNP alloy switch- 
ing transistors. He was formerly manager 
of commercial engineering for the di- 
vision. Mr. Kolp joined Sylvania in 1946 
as a design engineer at the company’s 
Spo u ey laboratory at Kew Gardens, 
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Sam J. Karng has been named Depart- 
ment Head of Plant and Industrial Engi-) 
neering at Sperry Semiconductor, So 
Norwalk, Conn. This division of Sperry; 
Rand Corporation is a leading manufac- 
turer of high-quality silicon diodes an 
transistors. Mr. Karng brings to Sper 
wide experience as a plant engineer. For: 
eight years he was a plant engineer fort 
General Electric Co. He received his BS# 
in Mechanical Engineering at the Uni-- 
versity of Rochester and he is a graduate: 
of GE’s Manufacturing Training program... 


Lindberg Engineering Company, man-- 
ufacturers of industrial heat treating andi 
process line equipment, has announcec } 
the appointment of Harold A. Moffat as$ 
salt bath furnace specialist. Mr. Moffatt 
previously was responsible for sales and | 
installation of scientific apparatus and | 
heat treating furnaces in the Ohio and | 
Pennsylvania areas. He will be head-- 
quartered at the expanded Los Angeles | 
Plant and will service national and locai . 
accounts in the West Coast area. 


Appointment of Clifford H. Lane as 
Manager, Industrial Semiconductor Prod- 
ucts Department, RCA Semiconductor 
and Materials Division, was announced 
by Dr. A. M. Glover, Vice President and 
General Manager. Mr. Lane was previ- 
ously Plant Manager of the Division’s 
facility at Somerville. Dr. Glover pointed 
out that the new department, which Mr. 
Lane will direct, was established to meet 
current and future sales and operational » 
requirements for the rapidly growing in- 
dustrial semiconductor market. 
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Market News 
(from page 83) 


of an advanced anti-submarine warfare system. Delivery is 
_scheduled to begin in 1961. 


The firm also has been awarded two contracts by Convair Astro- 
nautics San Diego, California, to develop and produce 24 telemetry 
systems for the advanced space vehicle Centaur. 


Military Contracts 


General Instrument Corp., Semiconductor Div., 65 Gouverneur 
St., Newark 4, N.J. 1 Diode. Type 1N647, 24000, $52800, Contract 
N163-8132(X). 1 Diode, 1N647, 2200 each, $49500, Contract N163-8126. 


Hoffman Semiconductor Div., Hoffman Electronics Corp., 920 Pit- 
ner Ave., Evanston, Ill. 1 Diode, Type 1N1530A, Contract N163- 
8130(X) 1500 each $32400. 


Microwave Assoc., Inc., Burlington, Mass. $27,500.00 for semicon- 
ductor devices, type 1N23C. IFB-362. 


Rheem Semiconductor Corp., Mountain View, Cal., $5,432 for 1 
item of semiconductor devices, type 348C19287-1. IFB-457. 


General Instrument Corp., Newark, N.J., $6,000 for 1 item of 
semiconductor devices, type 212-G11A. IFB-460. 


Sperry Semiconductor Div. Sperry Rand Corp., So. Norwalk, 
Conn., $11,875.50 for 1 item of transistors type 2N328. IFB-531. 


Sterling Electronics Inc. Houston Tex. Est. $26,472.58 for 4 
varying items of semiconductor devices, type 1N69A. IFB-497. 


Sylvania Electric Prods., N. Y., N. Y., $9,380.00 for 1 item of 
diodes, type 1N25. IFB-503. 


Western Electric Co., N. Y., N. Y., $5,380.00 for 1 item of transis- 
tors, type 2N463. IF'B-525. 


A split award to International Rectifier Corp., El Segundo, Cal., 
$9,252.88 for 1 item of semiconductor devices, type 1N538; Sylvania 
Electric Prods., N. Y., N. Y., $1,792.65 for 1 item. IFB-540. 


A split award to Sylvania Electric, Woburn, Mass., $389.08 for 1 
item of transistors, type 2N498; Texas Instruments, Dallas, Tex., 
$10,000.00 for 1 item. IFB-530. 


A split award to U. S. Semiconductor Prods., Phoenix, Ariz., $875 
for 1 item of semiconductor devices, type 1N429; Transitron Elec- 
tronic Corp., Wakefield, Mass., $5,625 for 1 item; Bomac Labs., Inc., 
Beverly, Mass., $2,490 for 1 item. IFB-404. 


BACK ISSUES 
AVAILABLE 


75¢ each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—March, May, 
Sept, Nov, Dec. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N.Y. 
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hor the first tine! 
COMPLETE, SKIN-TIGHT, ONE- 
PIECE VINYL INSULATION FOR | 
FULL-SIZE ALLIGATOR CLIPS &® 


€y 


ny 
ox 
¢ 


gaat 


for 70-Series Alligator Clips... 


(Sold separately. Red, Black, and four special colors.) 


ITHIS IS TRUE “ALLIGATION”! 


FOR LOWER COST THAN ANY OTHER 
COMPLETELY INSULATED ALLIGATOR! 


INSULATOR 


COVERS RIGHT 
DOWN TO 
THE NOSE! 


FULL JAW 


b 
I 
I SPREAD 


TOUGH, FLEXIBLE, SKIN-TIGHT 
ONE-PIECE VINYL INSULATOR I 


FULL SIZE ---ONLY .023” THIN. 


ALLIGATOR CLIP 


FREE SAMPLE... 
A Cleveland 14, Ohio 
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insulator and clip...on request. 


NEW 
SERVICE 
NOW 
AVAILABLE 


SEMICONDUCTOR PRODUCTS 
source of information available to all firms interested 


is making a new 


in being kept up to date on materials or equipment for 
producing semiconductor devices. If you wish to receive 
all new literature on silicon, germanium, chemicals, 
machinery, or other such materials, circle +99 on the 
reader-service card. Your name will be placed on a 
special list which will be forwarded to all such sup- 
pliers. As these suppliers have news available in their 
field, you'll be notified by them immediately. This sery- 
ice is restricted to firms manufacturing semiconductor 
devices or firms contemplating entering into produc- 
tion within 120 days. 


oa ee ee ee eee eee eee ee eee eee eee eres eee eee rere 4 
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Industry News... 


CONFERENCE CALENDAR 


The Following April 1960 Meetings Are Scheduled: 


April 3-8 6th Nuclear Congress, New York Coliseum & 
Waldorf Astoria Hotel, New York City. Spon- 
sored by Engineers Joint Council, ISA, ASME, 
PGNS-IRE. For Information: USAEC N. Y. 
Operations Office, M. E. Cassidy, 376 Hudson 
Street, New York 14, N. Y. 


AIEE Southwest District Meeting, Houston, 
Texas. 


April 4-6 


Electrical Engineers Exhibition, Earls Court, 
London, England 


April 5-9 


April 7-8 Management Engineering Conference, Stat- 
ler-Hilton Hotel, New York City. Sponsored 


by SAM, ASME. 


Optical Society of America, Spring Meeting, 
Hotel Statler, Washington, D. C. Sponsored 
by AIP. 


American Chemical Society, 137th National 
Meeting, Cleveland, Ohio. 


14th Annual Spring Technical Conference on 
Electronic Data Processing, Hotel Alms, Cin- 
cinnati, Ohio. Sponsored by Cincinnati 
Section ARS. For Information: S. W. 
Stuhlbarg, Avco Corp., Crosley Div., 1329 
Arlington Street, Cincinnati, Ohio. 


April 7-9 


April 5-14 


April 12-13 


April 18-19 Conference on Automatic Techniques, Shera- 
ton Cleveland Hotel, Cleveland, Ohio. Spon- 


sored by PGIE, AIEE, ASME. For Informa- 


RESEARCH & 


A special Glycerine Application Research Award was 
presented by the Glycerine Producers’ Association to An- 
thony J. Certa, Project Engineer, Chemical Projects Group; 
Thomas J. Manns, Engineering Section Manager; and 
George L. Schnable, Engineering Group Supervisor, 
Chemical Projects Group, all of Lansdale Tube Company, 
Division of Philco Corporation, Lansdale, Pennsylvania. 
The special award was made to the research team for the 
development of glycerine baths for electrodeposition of 
various low-melting metals and alloys, a major techno- 
logical advance that permits automated, mass-production 
soldering of extremely delicate lead wires to high fre- 
quency transistors used in very high speed, solid state 
computers and high frequency transistorized communica- 
tions equipment. The new technique for soldering small 
wires to transistors is reported to be the first, and thus far, 
only method for satisfactory high speed production. Pre- 
viously, the only acceptable method consisted of direct 
soldering of the “whisker” wires to the extremely small 
electrodes involved (frequency 0.001 inch to 0,005 inch 
diameter). In the new method, microgram quantities of 
molten solder are electroplated on the whisker wire, which 
is then brought into contact with the transistor electrode 
in the presence of a sufficient heat to cause the solder to 
flow and produce a satisfactory bond. The research team 
reports that the new approach has played a major role in 
making possible the production of high frequency tran- 
sistors. 

(For Further Details Circle No. 200 on Reader Service Card) 
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tion: L. W. Herschenroeder, Industry Eng,, , 
Westinghouse, East Pittsburgh, Pa. 


International Symposium on Active Networks . 
& Feedback Systems, Engineering Societies . 
Building Auditorium, New York City. Spon- 
sored by PGCT, PIB, ONR, OSR, USAS- 
ROL. For Information: Herbert J. Carlin- , 
Polytechnic Institute of Brooklyn, 55 John- : 
son Street, Brooklyn, N. Y. 


SWIRECO, S. W. IRE Regional Conference & 
Electronic Show & National PG on Medical 
Electronics Conference. Shamrock-Hilton 
Hotel, Houston, Texas. Sponsored by Region — 
6, PGME. For Information: Ralph T. Dosher, | 
Jr., Texas Instruments, Inc. P. O. Box 6027, 

Houston 6, Texas. 


American Physical Society Meeting, Willard 
Hotel, Washington, D. C. Sponsored by AIP. 


41st Annual Convention & Welding Exposition, 
Great Western Exhibit Center and Biltmore 
Hotel, Los Angeles, Calif. Sponsored by the 
American Welding Society. For Information: . 
American Welding Society, 33 W. 39th 

Street, New York 18, N. Y. 


AIEE Great Lakes District Meeting, Milwau- 
kee, Wisc. 


April 19-21 


April 20-22 


April 25-28 


April 25-29 


April 27-29 


April 29- Producers of Associated Components for Elec- _ 
May 1 tronics, Annual Meeting, Nevele Hotel & 
Country Club, Ellenville, N. Y. 

DEVELOPMENT 


Vast unprobed secrets of nuclear forces are now being 
uncovered by means of a “solid state ionization chamber” 
smaller than the head of a pin, a scientist of Hughes Air- 
craft Company revealed recently. The new device has im- 
portant applications in space exploration, military uses, nu- 
clear power control, cancer treatment, industrial processes, 
basic nuclear research and other fields, according to Dr. 
Stephen S. Friedland. It is actually an innovational radia- 
tion detector developed and produced by a team of nuclear 
physicists and solid state physicists in Hughes’ laboratories 
at Los Angeles and Newport Beach, Cal. The work was 
carried out under the company’s general research program 
but additional support was received from Defense Atomic 
Support Agency, the government agency which is respon- 
sible for planning and conducting of field tests of nuclear 
weapons. 

“The value of the Hughes detector lies in its ability to 
make measurements that up to now simply could not be 
made,” Dr. Friedland said. “It measures the number and 
energy of atomic particles traveling at speeds faster than 
man can comprehend. It performs with far greater effective- 
ness than earlier detectors, is far less cumbersome and costs 
less. The detector is essentially a slice of ‘doped’ silicon so 
thin as to be barely discernible to the eye. When struck by 
a charged nuclear particle it emits a pulse which can be 
measured and analyzed, providing us with information we 
need to know and often could not obtain before.” 


(Continued on page 98) 
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PERECO 


rotary 


TUBE 
FURNACE 


for 


continuous-flow calcining or sintering 


This Model RT-472 tube type unit is typical of a wide range 
of standard or special Pereco Tube Furnaces built for individual 
work requirements. It normally operates to a maximum of 
2500° F (other temperatures available) and incorporates a 
4,” 1.D. X 72” long impervious Mullite ceramic tube; a rug- 
gedly constructed gearing mechanism for variable tube rota- 
tional speed (0 to 6 rpm); and a simple arrangement for 
changing the degree of tilt to control the through-rate of 
powder-like materials of varying grain sizes, from entrance to 
exit end of tube. This is a quality unit of exceptional efficiency, 
designed specifically for delicate calcining-sintering processes. 
More details available on request. 


Ask for Pereco for recommendations on standard 
or special units for operating temperatures from 
450° to 5000° F. 


PERENY EQUIPMENT CO., INC. 


Dept. M Chambers Road Columbus 12, Ohio 
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with 
DURAMIC 
tooling 


Duramic tooling offers semiconductor manufac- 


turers a proven non-wetting alloying and solder- 


ing boat material, with greater wear resistance, 
exceptional dimensional stability, and cleanliness. 


Ask for Bulletin 117...Send prints for quotation. 


URAMIC 
PRODUCTS, INC. 


Dept. SP-3 


426 Commercial Avenue, Palisades Park, N. J. Windsor 7-0310 
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INDIUM 


GET YOUR COMPLETELY NEW 
SOURCE BOOK ON INDIUM 


7te MAGICAL 49th Ekemeat 


PARTIAL LIST 
OF CONTENTS 


Discovery, Occurrence, 
Detection, Estimation and 
Extraction of Indium. 
Physical Properties of Indium 
Table of Physical 
Constants 
Atomic Diameters of 
Metallic Elements 
Constitution of Indium Alloy 
Systems 
Binary Systems 
Ternary Systems 
Quaternary Systems 
Quinary Systems 
Phase Diagrams 
Low Melting Solders 
Bearing and Brazing Alloys 
Metallography of Alloys 
INDALLOY Intermediate 
Solders 
Nomographic Charts of 
Pellets and Spheres 
Chemical Properties and 
Compounds of Indium 
Electrochemical Properties 
Electrochemical Methods 
of Analysis 
Physical Constants of 
Inorganic Compounds 
Indium Plating, Stripping, 
Recovery 


Plus... 
ANNOTATED 
BIBLIOGRAPHY 


reporting concisely on all writ- 
ings about Indium properly in- 
dexed and sectionalized for 
reference, 


{_] Please send free bulletin and further information on your new book 


1 


| () Please s 

| Indium’”’. 
"| Please send me immediately 

| at $10.00 per copy. 

[|] CHECK ENCLOSED 
J 

| Name 

| Title 

: Address 


City and State 


copy(s) of your new book priced 


C) BILL MY FIRM 


This new reference book 
on Indium will find its 
place in hundreds of uni- 
versity and technical 
libraries in many coun- 
tries. It will be a worthy 
companion to research- 
minded engineers... 
everywhere! 


© 770 fact-filled pages 

© 91 photos and 
drawings 

® 3 years of editing 


In 1950, we published the 
first edition of “Indium” 
which has been out of 
print for some time. This 
is a completely new edi- 
tion... almost 500 more 
pages than the first! It will 
make a handy addition to 
your reference shelf. 


SINCE 1934 


Pioneers in the 
Development and 
Applications of 
Indium for Industry 


pa MAIL COUPON TODAY 


THE I N D I U M CORPORATION OF AMERICA 


1776 LINCOLN AVENUE @ UTICA, NEW YORK 


SEND C.O.D. 


| 
| 
: 
| 
I 
| 
I 
| 
| 
| 
| 
I 
| 
| 
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WANT HEAT DEFIANCE? 
try KARAK 


4,000—5,000 degree Thermit eats through steel... 
won't harm KARAK! 


...Just one quality of KARAK 
carbon-graphite...a chemically 
inert material most often used 
for rings, bearings and seals 
because of its self-lubricating 
nature, 


5,000 degrees generated within 
a fraction of a second, couldn't 
crack or chip KARAK...exerted 
no effect other than slight oxi- 
dation of the surface. 

This heat-defiance has its uses! 


Request new, FREE complete : 
KARAK technical brochure [=< 


CARBON COMPANY 
12508 Berea Rd., Dept. 118, Cleveland, Ohio 


Circle No, 58 on Reader Service Card 


2) 


iz 


AN 


] 
| 


for high purity 
metals, intermetallic 


compounds and 


semi-conductor 
preforms Visit 
Cominco Booth 


451] 
IRE Show 
new york 


Taare lo 
“carmen 


Circle No. 59 on Reader Service Card 


IN 
KN 


sali 


alll 


Industry News—R & D 
(from page 96) 


General Electric research scientists have successfull 
made tunnel diodes work at frequencies above 4000- 
megacycles (four billion cycles), the company revealed 
In addition, most other performance characteristics ex- 
ceed those of previous tunnel diodes, G. E. stated. 

Key to the improved performance is the use of gallium: 
arsenide, a little known and rarely used semiconducto 
material, as the basic element in the device’s construction. 
G. E. credited Dr. R. N. Hall of its Research Laboratory in 
Schenectady and Drs. N. Holonyak, Jr. and I. A. Lesk of its: 
Advanced Semiconductor Laboratory in Syracuse for the! 
gallium arsenide tunnel diode developments. G. E. scientists = 
stated that based on their present observations gallium: 
arsenide is the best material for tunnel diodes so far ex-- 
plored and may be the ultimate material for the best over- - 
all performance. Oscillation frequencies of 4400-megacycles s 
have been obtained indicating that frequencies well above » 
10,000-megacycles are possible with tunnel diodes made of f 
gallium arsenide. 


A method of making silicon p-n layers directly from the : 
vapor phase growth of single crystal production has been | 
invented by scientists of the Merck research laboratories’ ’ 
Advanced Electronic Materials Section. In this new proce- » 
dure, alternate p and n single crystal layers are deposited 
from the vapor phase. The process permits close con- 
trol of resistivity, thickness, and other parameters of junc- | 
tions. The technique is a new approach to the formation of 
semiconductor junctions, now made by alloying or diffusing 
processes. Complex junction configurations can be made by 
using the deposition process. John Allegretti and Dr. Don- 
ald Shombert, Merck scientists participating in the new de- 
velopment, feel the new technique may find use in the field 
ot solid circuits or “molecular electronics,” where slabs of 
single crystal silicon containing many parallel junctions 
could serve as the base for micromodules. Ultimate poten- 
tial of this new approach will depend on evaluations by 
device manufacturers, according to Dr. George Krsek, 
Director of the company’s Electronic Chemicals Division. 
They are now preparing to distribute samples of the junc- 
tions to the device industry, he added. 


Scientists at Bell Telephone Laboratories are creating 
their own problems in characterizing Esaki (or “tunnel”) 
diodes as they push the operating speeds of these devices 
up and up. However, according to Donald E. Thomas, new 
techniques have been developed for stabilizing and evaluat- 
ing the characteristics of the tiny new devices which have 
proven very successful for germanium and silicon diodes 
with time constants in the order of 10-1° seconds. 

These methods have also worked for indium antimonide 
diodes having speeds several times faster. However, new 
models being devised by Robert L. Batdorf and other mem- 
bers of the Laboratories are so fast that they are beyond 
present stabilization techniques. One such diode has 
switched a quarter volt in less than the time it takes light 
to travel 2-4 inches. 

Mr. Thomas described an improved technique to a meet- 
ing of the American Institute of Electrical Engineers in New 
York, giving a direct plot of the VI curve of the diode with 
its negative resistance region. The stabilization methods 
used for negative resistance curve tracing are also useful 
in measuring the junction capacitance of the diode. Tech- 
niques for measuring the diode capacitance were also de- 
scribed by Mr. Thomas. 

The characterization methods described have been ex- 
tremely helpful in research and development efforts aimed 
at improved diodes for still faster operation. 

(Continued on page 100) 
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An affiliate of 


Superior Tube Co. h 


MANUFACTURING 


FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


JOHNSON &€ HOFFMAN 


C:O-R.-P/O. .RiA Taos 


31East 2nd Street * Mineola, New Yorks Pioneer 2-3333 
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DO YOU REQUIRE? 


@ STANDARDIZED LIFE RACK EQUIPMENT 


—high or low temperature. 


@ TRANSISTOR OR DIODE TEST EQUIPMENT 
—meanual or automatic operation. 


@ SPECIAL TEST OR CONTROL EQUIPMENT 
—manufactured to your specifications. 


IIlustrated Model P- 
140 Relay Rack Mod- 
ule with five plug-in 
transistor cards. A 
total of 120 transis- 
tors is contained in 
seven inches of verti- 
cal rack space. 


Type P-26: Twen- 
ty-four transistor 
card, 


Associates, Inc. 


CONTOOCOOK, NEW HAMPSHIRE 
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FOR REPRODUCIBLE RESULTS 


ULTRA-PRECISE 
HIGH-PURITY 
SEMICONDUCTOR PREFORMS 


All your requirements in a complete 
range of alloys for alloying and solder- 
ing, with purities held to 99.999 -+% 
in the form of spheres, discs, washers, 
pellets and special shapes, precision 
fabricated to your specification. 


Ask for 
Bulletin A-68 
.. Send 
prints for 
quotation. 


ccurate 
Specialties Co., Inc. 


37-11 57th Street - Woodside 77, N.Y. » TWining 9-5757 


Dept. SP-3 
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3100°F 
element 
temperature 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 
ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments. 


Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


19 Amelia Pl., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 


remit THE KANTHAL CORPORATION 
cd 
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Useful applications: 

@ Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 

© Continuous or batch analyses 
of moisture in a wide variety 
of gas. streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 


matic control and recording 
units. 


All Model W analyzers include flow indicators 
Write for complete information 


MANUFACTURERS ENGINEERING 
& EQUIPMENT CORP. 


10 Sunset Lane, Hatboro, Pa. 
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MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 
Vacuum connected unit with 
adjustable alarm 
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Industry News—R & D 
(from page 98) 


A new whisker-sized semiconductor strain sensing ele-- 
ment that can provide aircraft or missiles with straint 
gauges possessing sensitivities 50 times greater than pre— 
sent metallic devices has been developed by Electro-Optical: 
Systems, Inc., and the Army Ordnance Corps’ Picatinny, 
Arsenal in Dover, New Jersey. This microminiaturized sens— 
ing mechanism is also applicable to transducer applications: 
in the measurement of pressure, linear and angular acceler~- 
ation, vibration, displacement, and force. Its extreme sensi— 
tivity also makes it usable in hydrophones and similar 
listening devices, EOS scientists state. Measurement char-- 
acteristics of the whisker sensing element stem from the: 
piezoresistive effect. 

In replacing conventional strain measuring components.) 
the whisker boasts an ultimate gauge factor of 175 com-- 
pared to less than five for wire strain elements now in use.: 
Single crystal construction of the element endows it with: 
extremely high strength enabling it to accommodate over-- 
loads that would cause permanent deformation in its metal-- 
lic counterparts. This composition also eliminates element} 
hysteresis and provides it with improved linearity. The: 
whisker can be bent into a complete loop without breakage: 
and still return precisely to its original position. 


A miniature automatic assembly line is now turning out! 
computer transistors at the rate of 1,800 an hour. Interna-: 
tional Business Machines Corp. said that its engineers have | 
developed a new automated transistor assembly system for: 
making the tiny devices that have become essential to the: 
manufacture of most advanced data processing equipment. 
Designed and engineered at IBM’s Poughkeepsie plant, the 
machine has successfully completed its first test-month of 
production. The new IBM machine is roughly five times 
faster than the semi-automated assembly of transistors now 
in general use. It has the highest production rate of the few 
existing automatic methods. Holding to tolerances as close 
as 0.0005 inch, the machine is able to produce transistors of 
greater uniformity than those made by previous methods. 
IBM’s system is the first automated means of making the 
n-p-n alloy junction transistor. With modification, the sys- 
tem can produce any type of alloyed transistor. 


A major step forward in telephone technique was taken 
recently in Paris, France with the introduction of a 240- 
line fully electronic private telephone exchange whose con- 
trol circuit operates 10,000 times faster than the electro- 
mechanical exchanges now used throughout the world. The 
telephone exchange was put into regular operation and 
demonstated by International Telephone and Telegraph 
Corporation at the Laboratoire Central de Telecommuni- 
cations, ITT’s French associate research company which 
developed the equipment. The registering itself is effected 
by magnetic memories made of minute ferrite cores. The 
logic operation, started by the storing of the called number, 
is devoted to single ‘logic circuit? which replaces all the 
registers. It is fundamentally made of diodes and tran- 
sistors and its activity is shared by the 240 subscrib- 
ers. It is periodically assigned to each of the calling 
lines and each time it advances one step further to- 
wards the solution to the problem raised by each call. 
Following the decisions of the logic circuit the com- 
munications are established through electronic contacts 
made of cold-cathode gas tubes that are switched on 
or off in one thousandth of a second. After all informa- 
tion has been inserted into the electronic exchange, the 


speed of operation is equivalent to connecting 60 calls per 
second. 
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TEMPCOR? 


only far greater y 
liable product. 

This entire system is 
Tempcor . . . ready for use upon 
tion of all necessary utilities. 


A NEW CONCEPT 

IN THE 
PRODUCTION 
OF SEMICONDUCTORS! 


© CONTROLLED ATMOSPHERE ENCLOSURES 
TEMPERATURE PRESSURIZED TO 3 INCHES OF WATER 


we ec, 
(TEMPERATURE) 


2. ENGINEERING COLUMN 
x @ BAKE-OUT OVENS COMPLETE WITH HIGH © 
| CORPORATION VACUUM PUMPING SYSTEMS TO 1 X 10-6 
U.S. Highway No. 130 RIVERTON, N.J. MM Hg 
See us at the IRE Show, Booth No 4134 e WELDING AND SEALING EQUIPMENT 


ee ox, i it e DRY AIR SYSTEMS TO —120°F DEWPOINT 
sahadnaturctione wick cer traitors Hotel Manhattan, and discuss your e SPECIAL INSTRUMENTATION SUPPLIED 


Circle No. 65 on Reader Service Card ‘ 


GILLINGS-BRONWILL 


THIN. SECTIONING 


—=—=—[=, 


All vacuum alloyed and soldered 


Silicon Junction Diodes 


In addition to offering such standard features as: 
e hermetic sealed e rugged construction 
e subminiature package e high temperature operation 
e efficient rectification 
United is using exclusively high vacuum for all operations 
where metallic parts are joined, to prevent the remotest 
possibility of contamination. 
UNITED’S Unique Low leakage- 
fast recovery Diode 
“IN 934”’ 


FOR 
RESEARCH 
AND 
PRODUCTION 


CRYSTAL SECTIONING .005” to .010” 


Cut sections as thin as .005” practi- 


Min Max. reversed Leakage ua Recovery Characteristics 
Forward 
psi ' "6 fie FWD to Rev, 

ma volts 


cally plano-parallel from blocks 3/4” 
x 1144” x 8” in less than 5 minutes 
with this 6500 RPM 4” x .012” dia- 


mond wheel. Automatic, two direc- 
30ma@10V 


UNITED 
 Comporers & 


360 Henry Street » ORange 3-6422 * Orange, N. J. 


tion, precision table feed. Rate of 

feed set from 34” to 34” per minute. 

1, H.P., 115 volt, rubber mounted 

motor, Immediate delivery. Witter 


Specifications 


BRONWILL SCIENTIFIC 


Division of Will Corporation 


|} 3905 Russell St., Box 3927, Rochester 10, N. Y. 
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epel 


es HIGH FREQUENCY 
i) INDUCTION 


EATING 


Lepel induction 

heating equipment represents ™ 
the most advanced thought in the 
field of electronics... the most prac- 
tical and efficient source of heat 
developed for numerous industrial 
applications. You are invited to send 
samples of work with specifications. 
Our engineers will process and re- 
turn the completed job with full data 
and recommendations without cost 
or obligations. 


FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 


A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials, Purifica- 
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro- 
duction purposes, Model HCP also pro- 
vides great flexibility for laboratory 
studies. J 


Model HCP 


Features 


® A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota- 


tional speeds, all independ- 
ently controlled. 
® An arrangement to rapidly 


center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bars. 

© Continuous water cooling for 
the outside of the quartz tube 
during operation. 

@ Assembly and dis-assembly of 
this system including removal 
of the completed process bar 

is simple and rapid. 


WRITE FOR NEW LEPEL CATALOG 
Electronic Tube Generators from 1° Kw to 100 Kw. 
Spark Gap Converters from 2 Kw-to 30 Kw. 


y_____y HIGH FREQUENCY 
Lepel LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77, N. Y. 
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New 
Literature 


The very latest prices, listings and data 
are carried in a new issue of Ohmite 
Manufacturing Company’s 32-page, 2- 
color Stock Catalog No. 30A. This is the 
biggest catalog to date of those items 
stocked by Ohmite and its distributors for 
immediate delivery. A complete line of 
power rheostats listed here includes the 
new Model E miniature size. Also shown 
are extra-heavy current “Powr-Rib” and 
“Corrib” resistors; new molded composi- 
tion resistor sizes. Stock listings of tanta- 
lum capacitors in all three types, wire, 
slug, and foil, have been increased con- 
siderably. 

Circle 165 on Reader Service Card 


A new bulletin with technical data for 
seven silicon glass diodes manufactured to 
conform to military specifications is now 
available from Silicon Transistor Corp. 
The new sheet, consisting of two pages, 
includes specifications, curves, and illus- 
trations of the following military type 
silicon glass diodes: 1N457, 1N458, 1N459, 
1N643, 1N658, 1N662 and 1N663. 
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Bulletin No. 151, “Lindberg-Upton Salt 
Bath Furnaces” is now available from 
Lindberg Engineering Company. This 
brochure describes and illustrates the 
advantages of the graphite “continuing” 
electrodes in salt bath furnaces. The 
brochure also describes and illustrates 
high and low temperature salt bath fur- 
naces for any production, pilot plant or 
laboratory use. 
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Designed for transistor circuit appli- 
cations, a series of transistorized power 
supplies are fully described in bulletin 
PS1059 from Valor Instruments. The 
series delivers variable and fixed outputs, 
ranging from 1.5 to 50 volts DC and 2 to 5 
amps with high line and load regulation. 
Complete information on transient re- 
sponse, ripple, stability, regulation, output 
impedance, controls, weight, packaging 
and price is provided. 
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A new brochure on miniature, epoxy 
molded transformers for use with transis- 
tors in printed circuits has been released 
by Triad Transformer Corporation, a divi- 
sion of Litton Industries. This brochure 
describes in detail the applications and 
uses of Triad’s SP or “Red Spec” series 
transformers. It gives engineering data, 
electrical specifications and mechanical 
dimensions. 


Circle 169 on Reader Service Card 


_A new VECO Data Book has been pub- 
lished by Victory Engineering Corp., 
covering thermistors and varistors, 
thermal conductivity cells, electronic con- 
trols and thermal, electronic and physical- 
sensing devices. The new Data Book in- 
cludes R vs T curves and E ys I curves, 
(Continued next page) 


MANUFACTURERS: 
REPS and AGENTS 
WANTED! 


Excellent opportunity for Reps inter- 
ested in offering a unique new plating 
and stamping service to semiconductor 
and component manufacturers. To be 
partner on accounts you bring in. Mod- 
ern facilities. Write Box X, Semicon- 
ductor Products, 300 West 43rd St., 


New York 36, N.Y. | 


circuit 
development 
engineer 


professional progress 

exciting assignments 
liberal company 
benefits 


device 
development 
engineer 


professional progress 

exciting assignments 

liberal company 
benefits 


established 
PLATING 
PLANT wanted 


Seek established electroplating plant 
for the miniaturized semiconductor and 
component field. Must have accounts. 
Write Box Y, Semiconductor Products, 
300 West 43rd St., New York 36, N.Y. 
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plus additional information on VECO 

Silicon Carbide Varistors including 

curves. Available at a nominal cost. 
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Second issue of Donner Tech Notes, 
a 4-page publication describing analog 
computer techniques and applications, is 
available from Donner Scientific Com- 
pany. Feature article in this issue is en- 
titled, “How to Use and Program Analog 
Computers”. Two problems are investi- 
gated to show the techniques involved: 
the suspended pendulum and the in- 
verted pendulum. The ffirst problem 
lends itself easily to analytical solution, 
the second is far more complex. 
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Sigmund Cohn, metallurgists and spe- 
cialists in wire products, has announced 
the publication of an 8-page brochure en- 
titled “Precious Metals and High Purity 
Nickel as used in Temperature Measure- 
ment.” It discusses the advantages of us- 
ing Platinum and Platinum Alloys as 
both resistance thermometer elements and 
as thermocouples in the measurement of 
high temperatures. Some of the pages 
cover Platinum vs Platinum Rhodium 
thermocouple wire, Iridium vs Iridium- 
Rhodium, Gold-Cobalt vs Silver-Gold. 
Included is a section devoted to the use 
of Platinum and High Purity Nickel for 
Resistance Thermometer Elements. 
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Wallson Associates, Inc. announces the 
availability of their new data sheet 106. 
This technical data sheet contains a de- 
tailed description of the completely self- 
contained Wallson 20 Ampere Dynamic 
Rectifier Analyzer known as Model 141A. 
Forward current and reverse voltage are 
independently adjustable. Full scale meter 
ranges are provided. 
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Bulletin No. 287A, four pages, de- 
scribes the new Radio Receptor Tri-Amp 
rectifier. A completely new concept in 
selenium, it is manufactured without an 
artificial barrier layer, thus eliminating 
the cause of aging and high voltage drop. 
Rectification is accomplished through a P- 
N junction formed by a closely controlled 
diffusion process. The bulletin is de- 
scriptive of the stack coding system, a 
computation table for stack dimensions, 
and cell rating tables for both convec- 
tion and forced air cooling. Typical per- 
formance characteristic curves are also 
shown. 
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“Current Uses for Electroforming— 
a Manual for Designers, Engineers and 
Manufacturers” is a technical handbook 
just published by Allied Research & Engi- 
neering Div., electroforming specialists. 
Profusely illustrated, the 32-page book 
incorporates the latest technical informa- 
tion on electroforming. Included are chap- 
ters on what the electroforming process is, 
where it is used, “do’s and don’ts” for 
designers, and charts and tables of engi- 
neering data. 
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A new data sheet describing Essex 
Electronics’ latest addition to their broad 
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SEMICONDUCTOR PRODUCTS 


Texas Instruments + Philco » RCA 
Hoffman + Hughes + General Electric 
Pacific Semi-Conductor + Sylvania 
Sarkes-Tarzian + International Rect. 
Raytheon « Motorola and others... 


same day delivery from stock 


Write for catalog and 
semi-conductor directory 
on your letterhead 


phone: all 
HAymarket I-6800 


TWX: CG-2898 


FASTEST SERVICE IN ELECTRONIC SUPPLY 


ALLIED RADIO 


100 N. Western Ave., Dept. 182-C 
Chicago 80, Ill. 


our 39th year 


PROVIDING 
UNPRECEDENTED 
PERFORMANCE 
IN CRITICAL 
OPERATIONS 


ESTABLISHES NEW HIGH STANDARDS OF 
DEPENDABLE IMPERVIOUS PROTECTION 


CHARCO'S “‘NEO-SOL"’ ALL-MILLED NEOPRENE 


DRY BOX 
GLOVE 


FLEXIBLE, FINGER-SENSITIVE AND COMFORTABLE 
SAFE AND TROUBLE-FREE PERFORMANCE 


CHARCO Dry Box Gloves are manufactured of MILLED 
NEOPRENE by the Multiple-Dip Cement Method, using 
MOLECULAR solvent solutions of neoprene. 


HIGH VOLTAGE TESTED 


CHARCO'S electrical test is made after 
visual and other inspections. It insures 
that each glove is free from hazardous 
defects. 


Write for FREE ILLUSTRATED FOLDER 
CHARLESTON RUBBER COMPANY 


53 STARK IND. PARK CHARLESTON, SOUTH CAROLINA 
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In Complete 
Range 
Of Styles 
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Statistical 
Quality Control 
assures specified size, 
color, density, uniformity 


Shown above are representative 
glass sealing preforms, pro- 
duced by Glass Beads Corpora- 
tion. Beads of required geome- 
try and controlled density are 
made in a wide variety of sizes, 
colors and styles for both match- 
ing-coefficient and compression- 
type seals. Specially designed, 
modern facilities and_ skilled 
personnel assure prompt serv- 
ice, highest quality and depend- 
able uniformity. Send drawings 
for quotation. 


GLASS BEADS 
CORPORATION 


P. O. Box A- 266 Latrobe, Pennsylvania 


Phone: Latrobe, Keystone 9-1592 
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line of RF chokes and pulse transformers 
has been published. The data sheet con- 
tains a detailed description of the elec- 
trical parameters for the complete line 
of Variable Inductors, which are avail- 
able in a range of inductances from 0.10 
uH to 4700 wH in 29 overlapping ranges. 
Circle 176 on Reader Service Card 


A nineteen page brochure from De- 
signers for Industry, Inc., illustrates elec- 
tronic projects completed for the defense 
department and commercial clients. Radar 
systems featuring size and weight re- 
duction, transistorized X-band radar and 
transponder beacons are described. Mili- 
tary communications projects are illus- 
trated by photographs and line drawings. 
An Airborne Manual and Panoramic Re- 
ceiver, Missile Electronic Program Gen- 
erator, Air to Ground Transceiver and a 
Mobile Communications Center are some 
of the subjects illustrated. 
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A new four-page catalog describing 
Aerovox Type QE high quality, long life, 
computer grade electrolytic capacitors 
is available from Aerovox Corporation. 
Literature provides complete technical in- 
formation on these high reliability units 
including dimensional drawings, per- 
formance -characteristics and table of 
stock values. 
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Bulletin No. 308, four pages, is a listing 
of selected power stack assemblies, rang- 
ing from 3 to 30. kw d-c output, using 
the new Radio Receptor selenium Tri- 
Amp rectifiers. Design data is shown for 
units of 125 and 250 volts d-c, convection 
and forced air cooling. The required a-c 
input voltage and the rated output in 
kw and amperes is shown for each unit. 
List prices are given for each stack and 
group assembly. 
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A brochure describing a method of 
application of coating compounds to 
small articles, such as electrical and 
electronic components at a rate of 4,000 
per hour, is being offered by Conform- 


ing Matrix Corporaton. It tells how 
sprayable resinous compositions, such 
as epoxy compounds, can be used 


to completely form a light tight seal for 
selenium diodes. 
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Tele-Dynamics Inc. offers a _ 12-page, 
two-color illustrated brochure, Number 
935, which describes the new ruggedized 
commutator, transistorized pulse-width 
modulator, and crystal-stabilized trans- 
mitter designed especially for airborne 
PDM telemetry systems. The brochure 
includes detailed electrical, environ- 
mental, and physical characteristics in 
addition to outline drawings. 
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Schweber Electronics is offering a 
buyers and engineers guide to aid in 
the selection of miniature K and D sub- 
miniature Cannon Connectors, in the 
form of a two-color four page folder. 
The brochure gives detailed information 
including appropriate hardware and ac- 
cessories. 
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300 TIMES 
GREATER SENSITIVITY 


THAN CONVENTIONAL RF VOLTMETERS 


from 50 KC to 600 MC 


MODEL 91-CA MODEL 91-C 
300 microvolts to 3 volts 1000 microvolts to 3 volts 
Price: $495 & Price: $395 


vous , 


* DC Millivoltmeter RF Distortion Meter UHF Grid Dip Meter 


Boonton ELECTRONICS Corp. 


Morris Plains, N. J. © JEfferson 9-4210 
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Capacitance Bridge 


Super-Sub-Miniature 


ransformers 


For transistor circuitry 
in servo-mechanisms, hearing” 
aids, radios, telephones 


w& High reliability guaranteed. 


wm Large quantities used, with transistors, 
by leading manufacturers. 


Bw Some of the most Important prototypes 
in use today are: 


M-200 ...... 237 050 en 280 
E-20] Ol aretea 263.410 = .325 
AAT-408 ...... 307-376) 92625 
SM-400 ...... 400 .563  .485 
NA=2350 0 <- 750) 1 750 
GEN-2020 ...... Wye” 14,” 7” 


®& Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


®& Prototypes—Designed or wound and 
enclosed to specifications. . . . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today ... 


Frank esc!er Co., Inc., 41-45 47th St 


L.1.C. 4, N.Y. © Tel: STillwell 4-0263 
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AVAILABLE NOW! 


BOUND VOLUME 


Proceedings of the 2nd 


Conference on Nuclear Ra- 
diation Effects on Semicon- 


ductor Devices, Materials 


and Circuits. 


Limited Edition of this 


Once-A-Year Symposium 


AVOID DISAPPOINTMENT — OR- 
DER YOUR COPIES NOW! Con- 
tains 23 Papers, Complete With 

by the 
in the Field. Don’t 


Miss Out on This Invaluable In- 


Illustrations, Foremost 


Authorities 


formation — Only $4.50 a Copy. 


| 300 West 43rd Street, 
| New York 36, N. Y. 


| ere copylies) of ‘Proceedings’ @ 
$4.50 each. 

UCN EERE ao. sin Fs Ajai 9) olen is swe » ve 
GOL a aE RSE nn eo trae eae 
CiiVog 5 treat ons Zone Sialess as). «.s 


Remittance Enclosed ..... Bill Company ..... 
Bill me ..... 
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A sixteen page, high-reliability capaci- 
tor catalog has just been published by 
the Electron Products division of Mar- 
shall Industries. Complete electrical spe- 
cifications, temperature characteristic 
graphs and construction details are 
presented for engineering reference. A 
wide variety of capacitor types and case 
styles are featured. 
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A new 16 page catalog contains com- 
plete specification data for every DC 
Power Supply in Dressen-Barnes’ stand- 
ard line (75 Power Supplies). A Power 
Supply Selection Chart has been com- 
bined into the catalog that permits the 
user to select his output requirements 
and turn, in seconds, to the complete 
data for D/B Supplies that fulfill his re- 
quirements. This catalog represents 
twelve years of data compilation. 
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Electronic Research Associates, Inc., 
announces the availability of a two- 
color catalog sheet which describes the 
company’s new line of Transpac high 
voltage, miniaturized, solid state power 
packs. The catalog sheet provides de- 
scriptive material on these units, lists 
available model types, includes specifica- 
tion data, and current pricing information. 
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Available from Bendix Aviation Corp., 
Semiconductor Products Division, is a 
data sheet on their new military-type 
germanium pnp power transistor, 2N1011. 
Sheet gives absolute maximum ratings, 
thermal resistance, electrical test data, 
mechanical dimensions, etc., of this tran- 
sistor. 
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Available now is the 1959 International 
Edition of the Electronic Guide. This first 
issue of the Directory lists more than 
4700 articles which have appeared in 
numerous technical publications. Sim- 
plicity of preparation of this information 
should be most helpful to researchers. 
The Editor, David Early, is actively en- 
gaged as a consulting research engineer 
and design specialist. Cost of publication 
will be furnished with replies to inquiries. 
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Kahle Engineering Company has issued 
eleven pages to be added to their catalog. 
The last catalog mailing was February 
1958. A sheet for each of the following is 
available. Automatic Final-Seal Machine 
for all types of glass diodes; Automatic 
Cat Whisker Machine for all types of 
diodes; Automatic Cat Whisker Machine 
for special purpose; Crystal Mounting Ma- 
chine (semi-automatic) for Diodes and 
Transistors; Crystal Refining and Purify- 
ing Machine; Zone Refiner, Horizontal 
Type; Glass-case (Body) Cleaning Ma- 
chine for diodes, etc.; Button Stem Ma- 
chine for sub-miniature tubes, used also 
for transistors; Automatic Glass Hole 
Punching Machine; Automatic Sealing- 
Exhaust Machine; Neck Sealing Machine 
with Molded Seal; Automatic Striping 
and Painting Machine. 
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SUBSCRIBE TO 
SEMICONDUCTOR PRODUCTS 
TODAY! 
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Pe 
mt te FRE He 
NOR Pipe, 


Electronics 
Catalog 


you save 50% on Top- Quality 
Test instruments 
Hi-Fi e Ham Gear 


KITS AND WIRED 


for professional and home use 


TEST INSTRUMENTS HI-FI 

battery eliminators stereo and monaural 
battery testers tuners 

bridges preamplifiers 

decade boxes power amplifiers 
electronic switch integrated amplifiers 
flyback tester speaker systems 


oscilloscopes 
probes HAM GEAR 
cw transmitter 


signal and é 
sweep generators modulator-driver 
grid dip meter 


tube testers 

transistor tester 
OVER 1 MILLION 
EICO instruments in 


vacuum tube 
voltmeters 

use throughout 

the world. 


volt-ohm- 
milliammeters 
LIFETIME service and calabration guarantee. 
IN STOCK at your neighborhood EICO dealer. 
Send now for FREE catalog sp-3 


® 33-00 N. Bivd., L. 1. C. 1, N.Y. 
FICG ... praised by the experts 
as BEST BUYS IN ELECTRONICS 


©1960 ELECTRONIC INSTR. CO., INC. 


See us at IRE BOOTH 3505 
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CURRENT GOVERNOR 


Model CS-11 


for Constant Current 


@ Precision Current Source 
@ Gyro Torquer Supply 
@ Transistor and Diode Tester 


racy ili 
» High sit Exeellent Srabitagrammabl? 


For testing and measurement of gyros, 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices, 


@ Current Range is 1a to 100 ma with 
5 decades — digital in-line readout — 


© Regulation and stability 0.002% — 
© Accuracy 0.02% 


In use by leading companies for gyro 

torquer supply, transistor avalanche test, 

diode PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1yua to 
30 amp. may be obtained from 


|| NORTH HILLS 


> 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. 


OS me 


Ploneer 7-0S55 
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benefits 
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PURITY/PRECISION 


for the Semi-Conductor Industry 


 ~SEMI-ALLOYS 
METICALL ED 


INSTANTLY RECAE 


Shipped in Argon-sealed, instantly recap- 
pable vials—to insure purity. 


Partial List of Components 
© SPHERES e DISCS 
© WASHERS © WIRE FORMS 
© BASE TABS 
e FOILS 


Complete facilities for high purity unusual 
alloys and shapes on short notice. 


For further information call or write ... 


© CLAD METALS 
© EXTRUSIONS 


SEMI-ALLOYS INC. 


550 So. Fulton Ave., Mt. Vernon, N. Y. 
Tel: MOunt Vernon 4-2800 
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good reasons fo 


Silicon Crystals 


KNAPIC specializes in Silicon and Germanium Crystals 
for Semiconductor, Solar Cell and Infrared uses 


Major manufacturers of semiconductor devices have found 
hat Knapic Electro-Physics, Inc. can provide production 
juantities of highest quality silicon and germanium mono- 
‘rystals far quicker, more economically, and to much tighter 
specifications than they can produce themselves. 


Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to ¥%”—None; %” to %"— 
less than 10 per sq. cm.; %” to 
1%"—less than 100 per sq. cm.; 

1%" to 2” less than 1000 per sq. cm, 


The reason? Knapic Electro-Physics are specialists with ac- 
‘elerated experience in growing new materials to specification. 


Why not let us grow your crystals too? 


Check These Advantages 


xtremely low dislocation densities. 

ight horizontal and vertical resistivity tolerances. 

jiameters from 1/4,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 
ow Oxygen content 1x10!” per cc., 1x 10'¢ for special Knapic small diameter material. 
loping subject to customer specification, usually boron for P type, phosphorous for N type. 


ifetimes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- 
econds; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter 
raterial over 1000 microseconds. 936-938 Industrial Avenue, Palo Alto, California 


Specification Sheets Available Phenk. DA venp or tao 
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Also manufacturer of large diameter silicon and germanium lenses and cut domes for infrared use 


apic Electro-Physics, Inc. 


new transistors from Sprague* 


SUPER HIGH-SPEED 
SWITCHING TRANSISTORS 


TYPE 2N501 


0000000000008 0C8888888SE8 SOCOSSCOCCHOOSSCOSSOCOSOCO8SOE 
e 
be Typical Maximum Units e e 
fe) @ ; ; 
: Rise Time (t,) 9 18 musec e _ Also available as special type 2N501A for 
e et 
. Storage Time (ts) 9 12 mpsec . e 100° C. maximum storage and 
@ 0 ; 
. Fall Time (ts) 7 10 mpsec . e junction temperatures. 
. In circuit with current gain of 10 and voltage turnoff. . ; 
@2000080000000000000800000900086 ©02000008080080000080808080808600808 


This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor. 


Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 


Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds. 


Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors. 


Write for complete engineering data sheet to the Technical Literature Section, ; 
Sprague Electric Company, 467 Marshall Street, North Adams, Massachusetts. 


Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable. 


SPRAGUE COMPONENTS: ® 
TRANSISTORS © CAPACITORS + RESISTORS I 
MAGNETIC COMPONENTS « INTERFERENCE FILTERS i 


PULSE NETWORKS « HIGH TEMPERATURE MAGNET 
WIRE « CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 


the mark of reliability 


SEE US AT THE I.R.E. SHOW—BOOTHS 2416-2424 
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